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ROSEKTIIAL, 


It also liiis boon obscrvod that the clot fanning from polycythemic blood 
is fratrilo and may dissolve or hocomo fluid upon minimal agitation. 

It is file pur]) 0 sc of thi.s paper to report the re.sults oC a one and one-half 
year study of lilood coaKulation in forty-five ])atients with polycythemia vera, 
twenty-eight ]iatients with leueemia and sixteen patients with other diseases. 
Duriinz the course of this study, two new tests of blood coagulation were 
devel(i|H-d and carefully standardized upon sixty-four nmanal subjects. These 
tests are : 

1. (’Ifit retraction rate. A (prantitative measure of clot retraction obtained 


by electric resistance nieas\ireiiient.s. 

2. Heparin elottintr time. A modification and simplification of the heparin 
tolerance test, wliieh measures the effect of added heparin upon the clotting 
time of hlood. 


nUTIlODS 

.\ll iileo.i COMCI'I: Oi.ii tf-M- v-' ic [icrfornioil in :i wafer bath rogulafeil at 37° C. upon 
vciioii'^ Itcie.l i-arcfnl'; ir.iuii le I'l.ii.l li'-Mic .iiiicc contamination. A dry syringe and 20 
U.-vuge needle v,cr<- u-c l. The and last cubic cenlimefers of tdood in the syringe were 
nut iced for these le.si-. Hhi' .1 erinn'-- uere performed upon capillary blood. 

CInl J'.ftnii 'le.n Hotr. — A method' was developed and dc.seribed i)y Eosemtlinl and 
Totiiris’" by vliich a quantitative inea.snrc of clot retraction, as well as other information, may 
be obtained by the measurement of the electric re.sistancc of freshly drawn blood, ns it clot.s. 
ri'.:. I shows a typical electric resistance curve with cxplauations and illustrations of the 
<•hanl,'e.^ daring cnagiilation. 

Sine.' the iiicre.'ife in electric re-istanco is caused by retraction of the clot around the 
eleetrr,de.v. the slope of the rising poitiou of the resistance curve i.s comparable to the "clot 
■traetiim rate.’’ Tiie re.si.'sfanec increase was usually linear and most rapid during the 
forty minute.^ of laeasaroiaent. This period ulso was subject to the least amount of 
and Variation Ma li a-: re.sult from the edge of the electrode cutting through tlie re- 
lag chd. The elot rctraetioa nite is calculated in the following manner: 


t.'Iid r-‘tr.arlion rate 
in ohia eentiuioters per minute 


Specific resistance 
at 3.0 min. 


lopcciiiw resisiaace 
at 15 rain. 


35 min. - 15 min. 

Nornad range; t to HI ohia-cm. )ver miiinte; average value; 7.1 olun-cm. per minute, 
//rpari'i CU'ttir.fi Tiiiii: or //fjinrin 7’rnlonrird Clottini) Time. — Thi.s test measures tin 
els'e.'i apoa tl.e clotting time of the addition of .001 ing. of heparin to 1 c.c. of venous blood 
The a-'- of this amomn of In-parin was arrived at by an e.xtensive study upon the effects ol 
iarion« ainoaaf- of h.eparbi upon the clotting time of blood. 

Tyre-, tc.-t tabf---, llifi mm, by 13 mm. in dimcasions, were marUed with a scratch ;it t 
b vcl c,,ii;,;id,.al with tiie bottom p.arl of the menipcu.s of 1.1 c.c. of fluid. Heimrint was di 
late.; to provid.e .out mg. 0.1 c.c. of i<=otonic .stiline; 0.1 c.c. of tins heparin solution wa' 

k; :< <lfy • - • • , — ... 

pl'ifirij: ft* 


ns (3o5fril)0(l. The elottiiij; time wns then deterniine- 
-lily *lrrE\^n Mnofl in tlie tube up to the Fcrnteh mark, thereby adding 1 c.c, o 
'i tind l.fj.-ir'tii nerc tborou^JiIy mixed by inverting t!ie tulie twice. A stoppe 


rsTi/i ti.e ttibi* v.ijk ♦ 


Tr.f'! 

« 7- Mr. U Ul 

{'•** 'it.-tt 
?. !* 

;»r.- 

•' ■’.'.I I r-., 


x:imintd with minimal tilling and agitation for llio formafio 

■.-! c.r .lictrlc roi-t.-inc.. menMirenicnl was revised tiv Dr. C W Tobi-is mssisir 
tY, •'■■me Jime i.ave been dbrnined by cornparma tl 

in' Matidaril mAcntial. .\ consUtnt current i.s used ami tt 

: . . • 1 ' r *' <lir<-cUv rrlatcd to the electric rosNtance AreasoV, 

;'.',rA 'wj. Ppc domtix (D ed.s ami NorthVup) ' evci 

was used in lid.s study. Ato.st eommercl 
c. A-air.inc ml or' n:.A'rm-. b'-PoHn 
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of u. firm clot at onc*miimtc intcrvnlR Iwginnin^; at twelve minutes. TIic enil point or clotting 
time occurred wlien tJjo tube could he romplctely inverted W'itliout any fluid bronking from 
tho clot. Careful attention to tlirco factors in the technique eliminated much error and varia- 
tion. 1. Precise measurement of the volumes of heparin solution and blood. The use of a 



Fig. t. — Typical electric realatonce cur\'c with explanations nnd Illustrations of the changes 
(luring coagulation. 

pipetto for tlio me.'jsuro of blood was not necessary if the relation beUveen the scratch mark 
and meniscus of the blood was consistent. 2. Thorough mixing of the heparin with tho 
blood. 3. Minimal agitation of the blood in the determination of tho clotting time. In the 
course of this study it was possible to obtain good end points for clotting times as long as 
flvo hours. Duplicate measurements upon aliquot samples of blood showed an average varia- 
tion of less than 5 per cent. 

Normal range; 20 to 35 minutes. Average value: 27.5 minutes. 

Cfottinp Time (Lee-JVMte). — This is a variation of the Lce-IVhite clotting time. One 
cubic centimeter of blood was placed in a dry, Pjtcx tube, 100 mm. by 13 mm. in dimensions. 
The tube was examined for clot formation by minimal tilting every half minute. Normal 
range: 5 to 10.5 minutes. 

Tohiidine JiUic Titration Test. — This test measured the effect of a series of concentra- 
tions of toluidine blue on the clotting time of recalcified oxalated plasma. Venous blood was 
mixed W'ith 0.1 molar sodium oxalate, nine parts to one, nnd centrifuged for fifteen minutes 
at medium speed in a small clinical centrifuge. One-tenth cubic centimeter of plasma was 
added to each of six increasing amounts of toluidine blue* in 0.05 c.c. of isotonic saline. One- 
tenth cubic centimeter of .025 molar calcium chloride solution was added to eatdi tube which 
was then examined every fifteen seconds for clot formation. A control tube containing saline 
without toluidine blue was also measured. 

Clot Heiraction by Inspection. — T)»c amount of clot retraction was estimated by external 
inspection of the clots formed in the electric resistance, heparin clotting, and Lec-AVhite 
clotting tubes at four and twenty-four hours. 

•Toluidine blue 0, made by National Aniline Division, Allied Chemical and Dye Cotp.. 
New York, N. Y. Total dye content was 69 per cent. 
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KOSnSTIlAI, 


It lias hf-on oliscrvcd that the clot fonnin!? from polycythemic hlood 
is j’nmile and may dissolve or hccomc Huid upon minimal npitation.’^ 

Ft is liic purpose of this paiier to report the results of a one and one-half 
year study of blood eoaoulatinn in forly-five patients with polycythemia vera, 
twcidy-eiKht ]>atients witii ieueemia and sixteen patients with other diseases, 
Dminu the course of lids study, two new tests of blood coagulation were 
developed and carefully standardized upon sixty-four normal subjects. These 
tests are ; 

1. Clot retraction rate. A (piantitative measure of clot retraction obtained 
by elei'trie re.sistauee me.'isnrements. 

2. Heparin elottinc time. A modification and simplification of the heparin 
tolerance test, which measures the effect of added hejiarin upon the clottinjr 
time of blood. 

MKrtioas 

Alt ntomi coaa'S o.iii le.-ts v,>'ro performed in a ivatcr bath rcpilnted at 37° C. upon 
M'!!nu< tilood rari'fiil ii iwii Id avoid tip.sue jniec contamination. A dry syringe and 20 
gauge needle were u-i'l. The lir'-t and last cubic centimeter.^ of blood in the .sjTingc were 
not uvi} for tiii'-e levU. niiHid eounts were performed upon capillary blood. 

Clot /.’< trie sofi -A motliod* was developed and de.'scrilicd by Rosenthal and 

Tobias’-" by v.l •• ii a n i - itiiatoe measure of elot retraction, ns weltuis otlier infonnation, may 
tie iilitained tlie tm ■ - ireinen* of the electric resistance of freshly, drawn blood, as it clots, 
i'ig. I ‘ho"' a ivj-na! el-i tri-- resistance curve with explanations and illustrations of tlic 
, 'hanges during eoamihr ui. 

Siiiee s!ie inerea^i e eleetrie rcsistanoe i.s caused by retraction of the clot around the 
■rodef. till- ildp.' of 1(0 riving portion of the rcsi.stancc curve is comparable to the “clot 

raeti'in ram. " increase was usually linear and most rapid during the 

fir-it forty m MUti - of iM-a-airomcnt. This period also wn.s subject to the least amount of 
error and vainiioa .-i, 1, a- result from the edge of the electrode cutting through the rC- 
irai'tiag chit. Tin- i-loi n traetion rate is calculated in the following manner; 

Specific resistance - Specific resistance 
fill! retra-tioo lati- __ at 3,5 min. at 15 min. 

in ohm rentimet.-rv per a.umto ~ ;t5 min. I 15 min. 

Xortaal range: ) lo in ohm cm. per minute; average value: 7.1 ohm-cm. per minute. 

Jlfpiirir, ('JnU'nii T uru or I[ii>ar\n Prolonard CloUlnfr Time . — This test measures the 
I'fTtvi njMin tho i hiit:!!;: iun«* <«f iho jitifUliun uf .004 me. of tiopurin to 3 c.c. of venous bloo<]. 
Th*‘ u-'* of thi< nuiuunt of ht’purin wns arrived at by an extensive study upon tho efTcets of 
variou’* nrnouTjtv of h*'p:vr li uj>t>ji tlie rloltinj: time of Idood. 

l*yrr.v Him. by K*. mm. in dimensions, were marked %vith a scrateh at a 

b v»d eoinriiient with tho bottom part of the meniscus of l.l c.c, of fluid, lleparini was di- 
luted to prov'jdo /’*>» mi!, per u.l v.e. of isotonic saline; 0.1 c.c. of this heparin .sohUion was 
placed in a dry to-i tul^* prepared as described. The clotting time was then determined 
after pla' jre.,* fre-hly drav.n Idoori 'm the tube up to the scratcii mark, thorei>y adding 3 c.c, of 
!'h' ‘d. The idor, J aTid I.epnrin uere tliorouglily mixed liv inverting tho tui>o Iwir,-. A stopper 

in-erted :<:id the tui"- v.a:' i'xamined with minimal tilting and agitation for tiie formation 

»n'th‘d »if <nc*r'ir meaMirenicnl was by Dr. C. VV. Totiias, assl.‘?tc(3 

n;.- Mr. I*. ah rn* nt*. •'Inc** June. have bff-n obtained by comparinf: the 

I' ‘t» r:ts*xl ti-.e * *» t*» -Htandard |ioi»*ntiab .V constant ctirrenl l.w u.Mod. and the 

r* -uit-iyjt jo tf «• * ba dm-elly rointed to the electric re.*<lstance. Measure- 

• r'.?» r^’ orjo'd nuiftoAiiraUj by a G channel Sp^-odomax and S'orthrup) «■very 

y-.-*- rn.S for i-icb f'rn. 

Vy I laboratories was us<*d In ihl'^ study. Moat commercial 

1 ; .vr.-ti .rt*. ’f.ldc.; Jpay l-.- u-** i *n lhl« list, con.<i-t of the puriflrd salt of heparin In 

’utT r-., I »‘.r. crntr.frHnr le r:;;:. <.f li»par|n. 
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forty-oiic i)aticnt.s with polyeytiicmia vcra Iiad values above the normal range, 
indicative of increased clot retraction. The distributions for the other groups 
arc apparent. 



SLOPE Of ELECTRIC R£S«STt/<CE CURVE 

Fig. 2. — Distribution of results of the clot retraction rate for the various groups of subject.^. 


The relative effect of vaiious factors involved in clot retraction upon the 
clot retraction rate was indicated by further anal.i.’sis of tlie data and e.xamina- 
tion of the pattern of the electric resistance cuiwes. The platelet count ap- 
peared to he the most important factor, showing a high correlation coefficient 
with the clot retraction rate of 4-.83. The hematocrit, as indicated by the initial 
blood resistance, had only a negligible effect upon the clot retraction rate. The 
presence of an abnormally rapid red cell s’cdimeiitalion rate showed its effect 
upon the pattern of the electric re.sLstance cuiwes as illustrated and explained 
in Fig. 3, A and B. This unusual pattern, called the '‘at\*pical electric resist- 
ance curve,” usually occurred in the blood of leucemic patients Avith low 
hematocrits and rapid red cell sedimentation rates. The results indicate, hoAv- 



i :?20 


KOSKXTJIAL 


fvov, ihat file refnictioii i-aios computed from these curves arc not 
si»_uiitieantly altered by tlie red cell sedimetitation. Fijr. 3, C and D, gives 
e.xainpies of resistance curves giving low and higli clot retraction rates I'cspce- 
tively. Twelve duplicate measurements on aliquot samples of Idood showed an 
average variation in elot retraction rate of 10 per cent. 



ym. — .t Ar.'-I I', KK'ift’i’N - nfifl rtf ih*' t’U.'pfFrt? f’lootrio 

f* .'tn-? «*r tvp'.c-.vl ♦!*«frU' riin*^s which f;nvc tK-crc.-icctl nnd jnrrr*;i«<^\ 

r'^'rnctl' n r.iV-** * Jy. 

//fpsria 7'jw(. — Tin' results of this test are .sho'ini in T'ig. 4. 

Tiurlv-tliree niinne.i suinc'-ls slxiwed a normal distribution of values. Eleven 
of t%ve.n*y-’'*.i'- Icueemif patients sboweil a ilefuiile proloncation of varying degree 
up to F’*' nun- as enmjiared with the upper limit of normal of bb mimUe.s. 
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III polycytlienii.T voni, twenty-four jiatipiits line] nnrninl vnlnes, tliree values 
were rapid and ciprlit proloiiL'od. The rlToct of an elevated hematocrit uiion these 
resiilfs merits sjieeia! eonsideralion. Siiiee the standard aniomit of heparin 
is added to a constant volume of blood, sainides with higher lieinatoerits will 
have a correspondiii'ily higher heparin eoneeiitration in the plasma, A.s red cells 
do not appear to piny any active part in the elotliinr piwcsn, the higher hetiarin 



0 004 Mc HEMRIN AOOCD TO I CC OF BLOOO 

Klfr. 4 — Distribution of results of the heparin clottins time (or heparin prolonged clotting 
time) for the various groups of subjects. 


concentration in tiie plasma could conceivably increase the lioparin clotting time. 
This was found to be true for one patient who had hematocrits of 71, G3, 58, and 
49 per cciit at the timcRS of study. Correction of the bepai’in clotting times 
for hematocrit caused a sliift of five patients in tlie normal range to the rapid 
range. 

Iji tlic otJicr groups, patients with I.^Tnphoma.s and other Jicinatologic disease 
tended to show prolonged values while all patients without any primary hemato- 
poietic disease were in tlic normal range. 

Clotting Time (LecAYliiie ). — As showi in Fig. 5, all the patients showed 
normal values for tliis test. 


PECIFIC REGISTANCE (OHM-CM.) 




KOSf.NTHAl. 


fvcr. !!;.'!* cidt rotnu'lidn nntis doinjmti-tl from tlicse oiirvfvs :uv not 
s’.L’niiUTiiuJy :>ltdvd4 by t!ic ml cell swiinu-ntation. Fisr. o. C and 1). gives 
c.x.'nnpb-s of resist;u'.oo curves living lo'.v ujul liiglt clot retraction rates respee- 
tively. T’.vch'o dutdienle nionsureinouts on aiiquot samples of blood showed an 
average variatiovi in clot retraction rate of iO per cent. 



I — .* t'T V*’ .\n 1 »r 4 *i 'T. r>f \y.<' .’'mt.xrr*' oirv^. 


!!■: 


i ear 


Hi f.vejsty-- 
up to lo' t: 


r 

I'lV 


•Pti'.p Tir'.c 

1 "iPj,...-. 

;f-'ra;r- p;.ii; ; 

ei.r.u-ared 


.—The r.-sr.lts of :1ns te.st are shown in Fiu. .1. 
s shov.i-d a normal distrilmtinu of values, FleVen 
uts vhi.v,! <1 a fieilnite prolonmithm of varyhm deuree 
with tlio siiiper limit of ttormal of dii niinutes. 
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Prothrombin 7'imc. — This (ost pave normal results in nine patients ivitli 
■lyoythemiii vera, four with chronic Icuccmia, one with sccoiularj- poly- 
yt hernia, and two with other diseases. 

Pcialion of Coagulation, If cmatologic and Clinical Findings.— 

Icuccmia; Patients with leneeniia were divided into two groujjs, those 
ritli nornial heparin clotting times below 40 min and those with values above 
0 minutes. This revealed definite relations among certain coagulation tests, 
dinical evidence of bleeding, and hematologic status and course as shown in 
■ able n. 

In Group 1, where the heparin clotting timc.s ranged from 20 to 40 min., 
no patient had any clinical evidence of bleeding e.vcept foi' one ease in which 
giual bleeding wa.s discovered to be caused locally by a uterine neoplasm. 
I'lie clot retraction rates were normal except for a .slight increase in one ease, 
'latelet counts were all above 200.000. 

In contrast. Group 2 showed hci)arin clotting timc.s ranging from 44 to 
155 minutes. Eight of the eleven patients in this group showed some elin- 
■eal evidence of bleeding, the severity of which appeared related to the de- 
gree of prolongation of the heparin clotting time. The bleeding usually oc- 
curred from the nose, mouth, and gums and followed such procedure as a 
..iernal puncture. Purpura of the skin occurred in fonr ])atients. The bleeding 
could be graded as severe in only one .subject. Eight of those patients showed 
'■■■■paired clot retraction with clot retraction rates below the lower normal 
limit of 4 ohm-em. pei' minute. Eight paiicnts had platelet counts below' 
200,000. The bleeding time was prolonged in only two of six eases with bleed- 
ing. In these si.x eases, the clot retraction rate was below normal and the 
heparin clotting time jn-olonged. The tourniquet test was negative in four 
patients with bleeding. 

Hematologic findiirgs differed in the two gi-oups. Red cell counts and 
hematocrits were eon.sistcntly higher in Group 1. 'White cell counts were 
similar. 

A striking difference in the coui'sc of the disease was found between the 
two groups. Follow-up as of January, 1949, I'cvcaled that one patient in 
Group 1 and five patients in Group 2 had died. 

Polycythemia Ycra; In this scries of thirty-nine patients, untreated e.x- 
eept for a few phlebotomies, thirteen had histories of either thi-ombosis or 
hemorrhage. At the time of this study, no patient showed active evidence of 
these complications. Fourteen or 36 per cent of these patients had an eleva- 
tion in platelet count above 400,000; while twelve of thirty-six or 33 per cent 
had an increase in clot retraction rate. Table III presents the coagulation and 
hematologic data for these twelve patients whose clot retraction rates ranged 
from 10.2 to 17,6 ohm-cm, per minute. Nine of these patients had platelet 
counts above 400,000. The heparin clotting time appeai'ed to be generally in 
the normal range. After correetion for hematocrit, eight of thirty-five un- 
treated patients with polycythemia had rapid heparin clotting times. The 
bleeding time was noi-mal in five patients. Hematologically, the untreated 
patients generally had elevated red and white cell counts and elevated 
hematocrits. 




< • 'hronlr u).vi'!im\vIJo K'Uf*nilf\. 

C*l»t oiilc 

», SU^ht ijl' rtlln); : *■ mo<l»’i{vtt» M<-C(Un«: * f 4, nnrkcd btociHnK:. 

I>. I., Ilvint:. 

•Vaf.'lrial hlrHinir. rubroqumily <ll!»oovi'rc<l in he cnuseil by uterinr carcln<Mna. 
I.\tyi»h'al fl'Vliio K'shtance curv<\ 
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TA!U.E ITT. (XlAGtriATIOX ANP IlnMAl^liOaiC 1>AT.V YOU POIA'CYTilKMIA VfX.A PaTICKTS WlTU 
iNcr.KASEii Clot Krtisaction Rates 


I’.VTIEN'T 

SEX 

DATE 

(MO.- 

CI-OT IX- 
Tn.XCTION’ 
r.ATE 

(<)iar-cM. 

rJATEDET 

couxr 

HEDAKlff 

CLOTTIKO 

«ME 

Cf.OT' 

TINO 

TIME 

HED CELL 
COL'-XT 

(>clO«> 

JIE\MT0- 

rniT 

wniTE 

CEEi 

mriVT* 

A. F. 

n. jsL 

F 

M 

10- ■ 
^•4c^ 

iV.si 

200.000 

29 

9 

7.34 

06 


Ia. g. 


4-4fi 

1Q.5 


26 

7 

S.36 

an 

34,200 

A. l\ 

M 

10-47 

11.1 



S 

7,70 

5.S 

21,S0O 

If. K. 

xr 

4-48 

12.3 


31 

6 

5.54 

51.5 


T. R 

xr 

G4S 

33.2 


25 

0 

5.12 

52 

32,500 

K. W. 

F 

lfl-4A8 

13.0 


25 

13 

fi.84 


59,000 

K. B. 

u 

11-48 

13.9 

550,000 

20 

8 

8.30 

61 

33,000 

G. T. 

u 

G-4S 

15.0 

376,000 

17 

5 

6.1G 

65 

12,000 

]•:. K. 

F 


35.3 

490,000 

43 

10 

7.45 

62.5 

30,300 

r.B. 

\ I'l 

10-48 

15.7 

540,000 

24 

9 

C.8S 

04 

miimi&m 

RT. 

it 

11-48 

17.0 

580,000 

24 

8 

6.42 

56 

13,750 


In the clot velractioii studios, iiisiiection of tlio dots fj'eqiientlj’ shou’od 
little or no <!vklctico oC clot vctvaetion ; while, at the same time, the electric 
resistniicc curves iiuiicated almormally rapid retraction. AVhen the electrodes 
were removed after twenty-four hours, a small, firin clot was often found 
wei! retracted between the electrodes. This was surrounded l)y red cells sus- 
pended in serum wliicli corapo.scd most of the volume of the sample. This 
tended to oeeuv chiefly in patients with both elevated hematocrits and platelet 
counts. These patients also gave poor end points of clotting time and some- 
times a solid clot either never formed or rapidly dissolved. 

Four patients in hematologic remission had normal clot retraction rates. 
Platelet counts were normal in three patients, slightly depressed below 200,000 
in one. Heparin clotting time was tiorma! in two and prolonged in two. Of 
the two patients in the leueemic phase of polycythemia, one had a depressed 
platelet count and low clot i-etraction rate, while the other had normal values 
for these tests and for the heparin clotting time. 

Other Diseases; Because the immher of jiatients in this category i.s .small 
and the types of diseases varied, only some general observations ivil! be made. 
Patients with lymphomas and other diseases related to the hematopoietic sys- 
tem generally showed some bone marrow depression as evidenced by anemia 
and slight thrombocytopenia. None had any sign of hcmon’hage. These pa- 
tients tended to have prolonged heparin clotting times and lowered clot re- 
traction rates. Patients wtiliout hematologic disease and without evidence of 
hone marrow depression had normal platelet counts, clot retraction rates, 
ami heparin clotting times. The two patients with polycythemia secondary 
to congenital cardiac ahnovmalitics had normal values for the-se tests. 

niscusstoN 

The rcsirlts of this study have revealed certain new findings relative to 
blood coagulation in lenccinia and polycythemia vera. 

One-half of the patients with either chronic myelocytic or chronic lyunpho- 
cytio Icueemia showed a blood coagulation defect characterized by slight 
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method presented in this report has been devised to eliminate these diffi- 
culties. The test can readily be adapted to routine clinical use for the detec- 
tion of either a rapid or slow clotting i)roccss. In addition to its diagnostic 
value, it can serve as a valuable therapeutic guide. 

SUMMARY 

1. Two methods for the measurement of blood coagulation are presented; 
the heparin clotting time and the clot retraction rate. The heparin clotting 
time measures the clotting sensitivity of the blood to added heparin. The 
clot retraction rate is a quantitative measure of clot retraction obtained by 
electric resistance measurements. Both tests were well standardized on a 
large number of normal subjects. Clearlj' defined upper and lower limits of 
normal were established. 

2. In chronic leucemia, both myelocytic and Ijmiphocjdic, one-half of the 
patients showed a previously imrepoi’ted coagulation defect characterized by 
a prolongation of the heparin clotting time, decreased clot retraction rate, and 
a slight thrombocytopenia between 110,000 and 180,000. The severity of this 
defect was closely related to the degree of hemorrhagic symptoms. No free 
or neutralizable heparin was detected by a toluidine blue titration test in the 
blood of two patients with marked hemorrhagic symptoms and the foregoing 
clotting defect. Leucemic patients withotrt this clotting defect and thus with 
normal values for the coagulation tests showed no evidence of bleeding. These 
patients were in better condition, both hematologically and clinically, and had 
a better prognosis than patients with the coagulation defect. 

3. Of the rmtreated patients with polycythemia vera and elevated hemato- 
crits, 33 per cent showed increased clot retraction rates and platelet counts 
elevated above 400,000. A similar percentage of these patients had histories 
of either thrombosis or hemorrhage. An explanation is given for the simul- 
taneous presence of an increased clot retraction rate, external ajipearance of 
poor clot retraction, and the formation of fragile, readilj’’ dissolving clots in 
many of the patients. These studies indicate that the elevation in platelet 
coimt is the most important single factor in the occurrence of both hemorrhage 
and thrombosis in polycythemia. Therapy should aim toward the rapid reduc- 
tion of an increased number of platelets. 

4. The results of this study provide indications of the relative clinical 
value of the various coagulation tests. The inadequacies and limitations of 
the idatelet count, bleeding time, tourniquet test, and clot retraction estimated 
by inspection are shown. The extremely limited value of the widely used 
Lee-^Vhite clotting time cannot be overemphasized. The clot retraction I'ate 
provides a useful, quantitative measure of clot retraction but it requires spe- 
cial equipment for its performance. The heparin clotting time appears to be 
the most valuable single test or index of coagulation. Readily adaptable to 
both routine clinical and experimental use, it enables the detection of either 
abnormally increased or decreased clotting abilitjn 

The author vishes to thank Ur. John II. Lawrence for liis valuable guidance and con- 
tinued interest, and Agnes Bencdek for her assistance. Ur. H. Jones and Ur. J. Weaver 
provided assistance in the presentation. 
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STUDIES ON THROMBOCYTOPEN 

I. A Reliable Test for This Principle in Organ Homogenates and in Urine 

Karl Singer, iU.D., and Royal Rotter, jM.D. 

Chicago, III. 

I N 1933 Torrioli and Puddu=“ discovered that an extract prepared from the 
spleen of a patient ivith idiopathic thrombocytopenic purpura contained an 
agent which injured the megakaryocytes in lione marrow cultures. The same 
principle was then found to bo present not only in normal spleens, but in otlier 
normal organs as well (liver, lung, heart, Ij-mph nodes, and omentum), althougli 
in apparently lesser concentrations. Wlien a proteimfree aqueous extract 
from a normal spleen was injected intravenously into rabbits, a considerable 
reduction of the platelets in the circulating blood became noticeable. Blood of 
the splenic vein contained more of this agent in comparison with blood of the 
splenic artery. Based on these findings, the hypothesis was advanced that 
thrombocytopenic purpura may be caused by an increased production of a 
platelet-reducing substance in the spleen. Splenectomy therefore should abol- 
ish this factor. 

Troland and Lee^'’’ in 1938 demonstrated that acetone extracts of three 
spleens of patients with Werlhof’s disease decreased the platelet count sharply 
when injected into rabbits. They called the principle responsible for these 
changes “ thrombocytopen. ” However, these workers were not able to recover 
thrombocytopen from normal organs .(including the spleen), nor from spleens 
of patients with hemolytic anemia or Banti’s .syndrome. 

Subsequently many investigators have studied this problem. Although 
some could confirm these findings,®’ others did not observe any 

platelet reduction"’ or found inconsistent results.'*’ The 
variable responses were often considered to be caused by the mode of jirepar- 
ing the extracts. Most investigators used acetone, although Hobson and Witts*® 
found a suspension of the tissue particles in Ringer solution more effective. 
Interpretation of the results was also difficult because of the spontaneous fluc- 
tuations of the platelet counts in the test animals. IMost workers used rabbits, 
but rats'*’ and clogs' also were employed. 

Our approach to this problem was directed by tlie following considerations. 
Assuming that a thrombocytojien is manufactured b}’ the spleen in thrombocy- 
topenic purpura, it seems very likely that the liver — being the first organ to 
receive the blood coming from the spleen — might inactivate this principle. This 
assumption becomes even more probable when Moolten’s hypothesis, *•''■ *'* that 
thrombocytopen may be a steroid, is taken into account. The effect of thrombo- 
eytopen may then depend not only on its concentration in the extract, but also 
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oil tlie modifying activity of the Uvor of the test animal. Consequently, a more 
reliable test for tliromboeytopeii may become available by injection of organ 
extracts into animals with liver cell damage. 

Tiiftse eonsidcrations seem to he borne out by our cxiierimental studies. 
Wlion organ homogenates were injected intrapentoncally into rats in which a 
high degree of liver cell damage was produced by carbon tetrachloride, a 
marked reduction of the platelet counts was consistently demonstrable. These 
results were not only obtained with preparations from normal and jmthologic 
human ,splcens, Init also witli material from other normal animal organs. A 
thromboeytojien* was found also in urine, from wliich it could be extracted 
with ether. 

MATHRIAL AXU JIETUODS 

All stuilica were performed on albino rats ^vciglung between loO and 300 gram's. Male 
rats were used sinco males are more susceptible to into.xication with carbon tetraebloritlc 
than arc females.8 The naimals were kept in separate metal cages and maintained on 
Purina dog chow and water. Kaeli rat was used for one experiment only. 

Blood was obtained by heart puncture, under ether ancslhe«5a, with tuberculin syringes 
and gauge 23 needles, which had previously been rinsed with a 3.8 per cent sodium citrate 
solution. About 0.2 c.c. of blood was transferred into a small paraRin dish containing a few 
crystals of aa ammonium and potassium oxalato misture.o Tlio blood was stirred gently 
with a paraffin stick to achieve ecjual distribution of the forincd elements. Films were pre- 
pared from the last remaining drop of blood ia the syringe. 

Xn each instance the red and white cell counts were determined besitlea the enuraeTn- 
tioii of the jilatolels. l-'or the latter, the method of Ree.s and EckerS’ was used. The hetno- 
cytometers tvcrc kept for a period of twenty minutes in a wet chamber to assure proper 
settling of the thrombocytea without lo.ss of fluid. All platelet counts were performed simul- 
taneously by two n-orUers and tho results averaged. 

Normal values established with the.<»c procedures are: R.B.C., 7.30 million ± 1.3; W.R.C., 
20,-300 i 0,000; platelets, .300, OOO to 000,000 per cubic millimeter. Rarely an animal wa.s 
encountered showing a platelet count bcloiv 500,000. Such rots were considered unsuitable 
for the experiments. Ether anesthesia did not influence the ro.sults.s 

Evaluation of the platelet count n-ust take into account tliat tiie tmmber of thrombo- 
cytes in the same animal may vary greatly, the range lying between 500,000 and 900,000. 
The same figures represent the normal values found in the rat population as a whole. Nor- 
mal animals used in this study ne^er had a jiJntclct level below- half n million. Consequently 
a decrease was considered sigmficant only when the thrombocytes were reduced below tin's 
value. 

Production of Liver Cell Damage. — Carbon tetrachloride (0.5 e.c. per kilogram) was 
injected intraperitoncally on alternate days uccordiug to tiie method of Brauer and Root.’' 
This procedure assures fiei-erB liver cell damage with only minor injury to the kidneys 
Two injections w-erc found to be sufScient to secure adequate responses to thrombocytopen. 
If desired, tiie liver cell damage may be maintained by repeated ailministiations of carbon 
tetrachloride. Blood films from such animals very frequently showed many target cells. 
Target cells are known to occur al.so in human parenchymatous iiver disease.! 

Preparation of Organ iiuspensiotis . — ^Aftcr remoral from the organism, the organs ivere 
immediately wrapped in a clean cloth and placed on dry ice in a deep freeze unit. For 
preparation of the saline suspension, the orptns were defra'<tod, weighed, and cut into small 
pieces. These were mixed with double the volume of physiologic saline solution in a Waring 
Blcndor, gradually i-et to maxim.'d j-pced for a period of ten mmute.'i. Tho saline suspension 

•For the sake of convenience anil b».cnu.-.e of iisaite In the literature the term “Ihrom- 
boeytopen” will ho used throughout to denote a chemically unknown factor or factors which 
ilepiess the platelet count in the test animals. 
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was then filtered first through two layers and then through four folds of gau^e. After 
this the suspension was put hack into the freezing unit tintl defrostoQ completely for each 
particular use. 

Procedure for the Veterminntion of the Effect of Orpnn Svspensioivs in the Pats 
n’it?t Liver Cell Damage. — Liver et‘ll dnmago was first {irotluced by two applications of carbon 
tetrachloride. T«o days following the last injection^ the red cell, white cell, and platelet 
counts were determtued. Then each amsnul was injeeted iutraperitoneally with 10 e.o. of the 
organ suspension. Furthenuorc, carbon tetrachloride was given to nuuntain the liver injur}*. 
To prevent the development of any infection, sr 0.1 c.c. of procaine penicillm (Duracill'm, 
Lilly) was also injected subcutaneously. The next day the counts were repeated. If the 
elYcct was mimnial, the animals were remjocled with the homogenate and also with Dura' 
cithn. Counts were determined again the following day. 

For the cvuluation of each suspension a group of nt least four rats was used, Signifi' 
cant changes of the red ami white cell voiiuts were hardly ever noted. These findings pre- 
clude tlie interpretation that the observed reduction in the number of platelets was caused by 
hemodilution. Occasionally the organ suspension vva‘i quite toxic and the .'inimals died within 
a few hours after the injections. 

The platelet coiuith of each groHjt of rats before and nfter the injections were aver- 
aged and the decrease was expressed m per cent of the overage platelet count. By this 
procedure the indnidual variation in the reaction of the animals toward the ucthe pruicijile 
contained in the material wore taken into account. 

ncsui/fb 

J. Effect of PcHiviUiu niul of Carbon TcirnchlorUJc on ihc Platelet Count. 
— Procjuiie peiiicUliii (DtivacilUii, 0.1 c.c.), which wfis usud prophylactically 
tJirongliout the cxpcrimciilx, vloe.s not produce tiiroinhueytoponia. (Table I.) 
The apparent increase of the platelet level lies williin tJic range of daily 
fluctuations. 

Carbon tetraeliloride ^vn.s tested in thirty-six animals. Tiic slight dccUuc 
ill the average platelet count (Table I) is insigniricant since no animal showed 
a decrease below the range of normab even if four injections of the liver poison 
were given. Both drugs did not mfluciice the red anti white cell count'; 
•sjgnifieantjy, 

5. Cnmiiiirmn of the Effect of Injected Or< 7 tt« Suspensions on ihc Platelet 
Counts of Normal Pats and Hals With Liver Cell Damage. — Seven organ sus- 
pen.sions weve studied. Ten cubic ceutiincters of tlie liomogcnized organs were 
injected in each instance. Table 11 summarizes the values obtained. Each 
value represents the average platelet count of at least four animals. 

The organ suspensions, when jiijccted into normal rats, left the platelet 
level practically nnclmiiged with the exception of the material prepared from 
normal dog kidneys. In this experiment (Exjieriment 7) the first injection 
brought the tlirombocyte count definitely out of the normal range and a second 
injection produced a further considerable decrease. 

In tlie rats witli liver cell damage, the first injection consistently lowered 
the platelet counts significantly. Following a second injection the decrease was 
.still more pronounced, with the exception of Experiment 4 in which the plate- 
let level returned to normal. This was the onlj’ observation of this kind en- 
countered in thi.s study. Ordin.anly a second hijection of iiotent material, wdien 
given to rat.s with liver cell damage, cither maintains or e'ven further de- 
creases the thrombocytes in the circulation. 
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Table II. Comparison op the Effect op Organ Hojiogenates on the Platelet Count op Norjial 

Rats and op R.'its With Liver Cell Damage* 




LIVER CELT. DAMAGED RATS | 

, NORMAL RATS 





1 

AVERAGE % 

1 



AVEP.AGE % 



AVERAGE PIaATELET 

! DECREASE OF 

AVERAGE PL^VTELET 

DECREASE OF 



COUNT (THOUSANDS) 

! PIATELETS 

COUNT (THOUSANDS) 

PLATELETS 



BE- 



1 


1 BE- 





EX- 


FORE 

AFTER 

AI^ER 

I AFTER 

AfTER 

1 FORE 

AFTER 

AF^’ER 

A ITER 1 

AFTER 

PERI- 


IN- 

FIRST 

SECOND 

FIRST 

SECOND 

IN- 

FIRST 

SECOND 

FIRST 

SECOND 

MENT 

ORGAN 

JECT. 

INJECT. 

INJECT. 

, INJECT. 

INJECT. 

JECT. 

INJECT. 

INJECT. 

INJECT. 

INJECT. 

1 

Human spleen. 

GGO 

376 

- 

43 

- 

749 

689 

- 

8 

— 


(Idiopatliie 

thrombocytopenic 












purpura) 






1 



None 


2 

Human spleen 

670 

247 

1 - 

i 63 

i - 

590 

622 

666 

None 


(Hodgkin’s dis- 
ease v'itli symp- 
tomatic tlirombo- 

i 

1 

i 

i 


1 






oytopenic pur- 
pura) 












[Human spleen 

1 (Lympliosarcoma 
! with symptoma- 
tic thrombo- 
cytopenic pur- 
pura) 

Human spleen 
(Splenic vein 

G30 

! 

1 

370 

1 

295 

41 

53 

759 

! 

! 

674 

790 

11 

None 

4 

612 

341 

527 

44 

14 

714 

650 

610 

9 

15 


thrombosis) 











5 

Human spleen 

600 

230 

- 

61 

- 

718 

- 

728 

- 

None 


(Paroxysmal 
noctuimai liemo- 












globinuria) 




1 

1 






6 

Dog spleen 

615 

354 

247 

42 

60 

614 1 

676 

620 

None 

None 


(Normal) 






1 




i 

7 

Dog kidney 

599 

212 

- 

65 

- 

704 

476 

1 186 

32 

74 


(Normal) 









1 



•Bach value represents the average o£ at least four animals. 


The findings seem to indicate that liver cell damage permits a principle in 
"+h . organ suspensions to exert its effect on the platelet level. Apparentlj^ the 
ormal liver renders this thrombocytopenic agent ineffective. Contrary to onr 
expectations, however, the suspensions prepared from the spleens of patients 
with normal platelet counts ,( Expei-iments 4 and 5) seemed to be as potent as 
those obtained from the spleens of patients with severe thromhocytopenie pur- 
pura (Experiments 1, 2, and 3). Furthermore, thromhocytopen was equally 
demonstrable in the normal dog spleen and was apparently present in the 
highest concentration in normal dog kidneys, since the latter material produced 
thrombocytopenia even in normal rats. 

At this point in our investigation it was decided to use only rats with liver 
cell damage as test animals in further experiments. It also was felt that to 
secure the evidence so far obtained, more organ suspensions of various types 
should be tested for the presence of the thrombocytopenic principle. 

3. Effect of Injected Homogenized Normal and Pathologic Spleens on 
the Platelet Count of Rats With Liver Cell Damage. — Table III summarizes 
the results. 
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All spleens were obtained during life with the exception of the case of 
thrombotic thrombocytopenic purpura.^® In this instance tlie organ was re- 
ceived one hour after the death of the patient. The few values previously men- 
tioned in Table II are included in tiiis suinmarj- for a more convenient surve}' 
of the whole material studied. Eegardles.? of the weight of the spleen and 
the presence of pathologic tissues (Hodgkin’s granuloma, lympho.sarcoma, 
Gaucher’s disease, etc.), 10 e.c. of the homogenized suspension were always in- 
jected. As can be seen from Table III, all suspensions lowered the platelet level 
consideraidy. Usually a single injection produced a reduction of more than 
40 per cent. If the decrease was less than 40 per cent of the preinjcction level, 
a second injection was given, which in most instances caused a further decline 
of the thrombocyte count. The spleens of the patients with spherocytic hemo- 
lytic anemias seemed to contain comparatively less of the thrombocyiopenic 
agent, although it still was readily demonstrable. Suspensions from the normal 
spleens caused approximately the same reduction of the level of thromboc.vtcs 
as could be achieved with some suspensions jirepared from pathologic siilcens. 
No correlations were demonstrable between platelet reduction in the patient 
whose spleen was used for the injection and the degree of platelet decline in 
the injected animals. Although vaidous pathologic .spleens were used in this 
series of experiments, none of the homogenates produced any significant 
changes in the red or white cell counts. 

i. Effect of Normal Oraan Homogenates on (he Platelet Count of Rais 
With Liver Cell Damage. — The results are compiled in Table IV. 'Phe values 
show convincingly that the thrombocytopenic agent is not only jtresent in dog 
and beef spleen, but may also be found in homogenates pi'opared from lungs, 
heart, and kidne.vs of a healthy dog. The .suspension of lung tissue caused the 
severest depression of the platelet level, namelj' a reduction of 75 per cent of 
the oi'iginal count. 


Table IV. Eitecv op Scsi’ension.s op Normal Animal Ouoans on the Platf.i.f.t Count 
OF Hats IVitii Imver Cell Dasiage* 


OUGAN SUSPENSION 
PKEPAIEED FKOM 

AVERAGE PI^\TEI/ET 
(THOUSANDS) 

COUNT 

AVERAGE % DECREASE 

OF PLATEUETS 

BEFORE 

INJECT. 

AFTER 

FIRST 

INJECT. 

AFTER 

SECOND 

INJECT. 

after 

FIRST 

INJECT. 

AFTER 

SECOND 

INJECT. 

Dog spleen 1 

015 

351 


42 

60 

2 

616 

247 


60 

08 

3 

593 

.*177 


36 

52 

Doe kidney 1 

599 

212 


65 

- 

" 2 

595 

231 

210 

61 

64 

Dog heart 


28(i 

- 

57 

- 

Dog lung 

613 

150 


75 

- 

Beef spleen 

623 

411 

.3.3S 

.34 

46 


♦Each value represents the average of at least four animals. 


o. The Dose-Besponsc Belaiionsliip Between Injected Organ Suspensions 
and Deduction of the Platelet Count. — For the evaluation of our findings the 
problem is of obvious importance whether some coi-rehiiion exists between tlie 
amount of homogenate injected and the demonstrable fall of the platelet level. 
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Doses of 10, 8, 6, 4, 2, and 1 c.c. of the same saline suspciisioii prepared from a 
normal liiiman spleen n-cre injeetccl into groups of at least four rats ivitli liver 
cell damage. Tlic results are compiled in Table V. 


Table V, DosE'IlF.srossE Eel.vtio.\ship Betweem Akount or noiiocrNATE Injected 
AND DECUNE of PlATEI.ET COUNT 


A.MOUNT or SUSrENBION 
(NORMAL HUMAN STLEEN) 
INJECTED (C.C.) 

rA.TS USED 

.WErjtGE % DECREASE 

OP PLATELETS 

10 

4 

■■■■■■Rfra ;gg|||g|||gmg| 

8 

4 


C 

5 


4 

4 


2 

4 

43 ± 11 

1 

•t 

24 ± 24 


As can be seen from llie table, the two largest doses (10 and 8 c.c.) pro- 
duced tlie greatest decline of (he platelet count, G4 and G1 per cent respectively. 
However, the response to 2, 4, «and G e.c. of the suspension was approximately 
the same .(35 to 43 per cent). TJie .smnllc.st dose of 1 e.e. elicited also the 
sliglitcst effect, i.c, 24 per cent. 

These results show that the dose-rospou.se relationship is not a linear one, 
but that, witidn certain ranges, larger amounts of the suspension produce 
greater responses. Since those studies wore performed with crude homogenate.s, 
it was not considered advisable to pursue the problem furtlier. 'With the iso- 
lation and purifirntiou of thromboeytopen, the rat with liver cell damage 
promises to liecome a reliafilc tc.st animal for the quantitative bio-assay of 
the platelet-reducing agent, 

0. JUffeci of Jlcmoolohin Solutions and of TUromhoplastin on ihe Plaietet 
Cowii of Pa(s Wiih Liver Cell Damaofc. — It was noticed that many animals 
developed hemoglobiiniria following the injection of the organ homogenates. In 
the eoui'se of the freezing and defrosting processes employed in the prepara- 
tion of the suspensions, the blood contained in the organs becomes liemolyzed. 
Thus a relatively large quantity of free hemoglobin and erythrocyte stroma was 
injected into the rats with liver cell damage together with the homogenized 
tissues. The question arose whether the thrombocytopenia in the animals might 
not be caused by this hemoglobinemia. In cases of severe hemoglobinemia in 
human beings, regardless of the etiology*, thrombocytopenia is frequently 
observed.** 

Therefore, 10 c.c. of a 3 per cent suspension of washed dog eiytln'oeytes 
hemolyzed by addition of distilled water, were injected into the animals. As 
can ?>e seen from Tabic VI (Experiments 1 and 2), tliis procedure was fol- 
lowed by an insignificant drop of the thromWeyte level. 

The very conspicuous reduetion of the platelet level with the lung suspen- 
sion (Tabic IV) led us to consider the possibility that thromboplastin may be 
identical with the tlirombocytopcme agent. Thromboplastin is another ubiqui- 
tous tissue, factor, known to be present in particularly high concentration in 
the lungs. Consequently Thromboplastin Maltine, a rabbit lung pi*eparation, 
as well as rabbit brain tliromboplastin, made according to Quick's method, 
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Table VI. Effect of HF.itooLomK Solutions and op Throjiboplastin on the Platelet 
Count of Eats With Liveu Cell Damage* 




AVERAGE PLATELET COUNT 

(THOUSANDS) i 

AVERAGE % 
DECREASE 

OF PLATELETS 

EXPERI- 

MENT 

j 1 

i rREP.Vr.ATION INJECTED ! 

BEFORE ' 
INJECT. ! 

AFTER 

FIRST 

INJECT. 

AFTEPv 
SECOND ' 
INJECT. 1 

AFTEPv 

FIRST 

INJECT. 

AFTER 

SECOND 

INJECT. 

1 

Laked dog blood 

«;i(i 

550 


13 

■mi 

0 

Laked dog blood 

030 

1 

545 




((a) Suspension of dried 

1 rabbit lung 

583 

178 

- 

09 

■■ 

o 

(b) Milky supernatant fluid 
t (rich in tlirombo- 

1 plastin) 

004 

408 


i 22 

■ 


1 (c) Granular residue (poor 

1 in thromboplastin) 

517 

101 

i 

09 

■ 


' (a) Suspension of dried 
rabbit brain 

545 

.323 

1 

• 40 


4 

(b) Milky supernatant fluid 
(rich in thrombo- 
plastin) 

57 (> 

400 

1 


20 

■ 


(c) Granular residue (poor 
in thromboplastin) 

539 

250 

* 

53 

Hi 


'Each value represents the average of at Ica.st four animals. 


was investigated. For each single rat experiment, 200 mg. of the lung or brain 
powder were first snspended in saline and then injected as a whole. In another 
experiment the same type of organ enivilsion was incubated at 56° C. for fif- 
teen minutes and then centrifuged at low speed for five minutes. The super- 
natant milky fluid was injected separately, as was a suspension of the granular 
material found at the bottom of the centrifuge tube. Determination of the pro- 
thrombin times revealed that the former contained much more thromboplastin 
than the latter (13 and 30 seconds i-espectively). 

The results of these experiments may be seen in Table VI (Experiments 3 
and 4). Since the supernatant fluid, richer in thromboplastin, is evidently 
poorer in thrombocytopen, the conclusion seems justified that these tivo factors 
are not identical. 

These exper-iments furthermore show that thrombocytopen cannot be ex- 
tracted satisfactorily from organs by means of acetone since the thromboplastin 
prepai’ations were made by macerating the organs under acetone and discard- 
ing the acetone extract. However, the remaining dry powder still contained 
a very potent thrombocytopenic agent. 

7. Effect of Normal JJrinc and the Urine of Patients With Thromhoeyfo- 
penic Pu'i'jnira on the Platelet Count of Bats With Liver Cell Damage . — Our 
experiments have demonstrated that thrombocytopen is inactivated by the 
livei'. Inactivation of metabolites often occurs by conjugation Avith acids in 
the liver and subsequent excretion of the substances in the urine. When 10 
c.c. of the concentrated moniing urine of two healthy male persons were in- 
jected into rats with liver cell damage, definite reductions of the platelet counts 
were noticeable. The same results were obtained with urine specimens from 
two female patients with severe thrombocytopenic purpura. 
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The tiironiboeytoponio njrent could be extracted from tlie urine speebnens 
wth ether. Extraction u’as performed by adding parts of ether to 1 part of 
urine in a .separatory funnel and shaking for ten minutes. Tins procedure 
then, was repeated twice. Prom the combined extracts the solvent was evapo- 
rated at room temperature and the dark and sticky residue was dissolved in the 
appropriate amounts of carbon tetrachloride needed for maintaining the liver 
cell damage in the rats. By addition of saline, a good emulsion could be ob- 
tained with shaking, wliioh permitted the application of the correct doses of the 
various suhstance.s. It sliould be empbasized that no change of the platelet 
count was seen when carbon tetrachloride and the thrombocytopen-^free unne 
residue were injected (Table VII). 

The demonstration that tlie platelet reducing agent can be completely 
recovered from the miue with ether will pi*obably permit quantitative estima- 
tions of the urinary oiitpnt of this factor in normal and various pathologic 
conditions, J5uch studies will be reported later. So far the experiments sum- 
marized in Table VII merely .show that thromboeytopen is excreted in the 
urine. 

When the etiier extract of larger amounts of urine was injected itito imr- 
mal rats (extract residue of 375 o.c. of pooled urine, suspended in saline, in- 
jected per rat), no significant reduction of the platelet level was observed. 
These results are in ngreement witli the findings of Tocantins,®* who could not 
decrease the thrombocytes of normal rabbits with urinary cxti'acts. The de- 
toxifying action of tlie normal liver apparently is very efficient. The amount 
of thvomhocytopen able to reduce the platelet count in normal animals remains 
to be deteiinined. Such .studies may better be peiTornied when sufficient 
quantities of the purified material arc available. 

8. Mode of Aciioji of Thromboeytopen . — Although the reduction of throm- 
bocytes following tlie injection of organ honiogeiiate-s is sometimes a considerable 
one, we have never noticed the development of true purjiuric lesions in our 
experimental animals. This finding is not an unexpected one. Iloskam®® as 
well as Bedson- showed that by intravenous injection of gelatin or agar extreme 
thrombocytopenia may be produced without any incx'ea.sed bleeding tendency. 
However, if the capillaries were tlamagcd .simultaneously (e.g. by anti-red cell 
serum), purpura resulted. 

Prom the experimental obseiwations of Torrioli and Pucldu,-® it is likely 
that tliromboey’topen acts directly on the megakaryocytes by inhibiting plate- 
let production. This view is also emphasized by Dameshek and Estren.^ Wc 
liave postponed a systematic study of the marrow until a purified thrombocy- 
topen is at hand. In the few instances in which the marrow was examined 
after injection of organ homogenates, a slight increase of the more immature 
basophilic megakaxyocytes was noted occasionally. 

In a few animals the reeoveiy phase following a siixgle injection of an 
organ liomogenate was studied. If after the production of thrombocytopenia 
all applications were stopped, the platelet count returned to normal within 
twenty-four to seventy -two hours. 
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DISCUSSION 

The results of our experiments seem to indicate that a thrombocytopenic 
agent can ha obtained from many ditFcrcnt normal organs (spleen, lungs, lieail, 
kidneys, and brain). Since consistent lowering of the platelet count is demon- 
strable only in animals with liver cell damage and since it also can be produced 
by the injection of urine, one may speculate that physiologically thrombocytopen 
is rendered innocuous in the liver and then is excreted in the urine. Since it 
can be recovered from the ether extract of the urine, this factor is probably 
lipid in nature. Thus the metabolic behavior of thrombocytopen resembles 
closely the well-known pattern found with many steroid compounds. 

The role which the liver plays in the inactivation of thromboeytopeu may 
also partly explain the inconsistent or negative results of many investigators 
(ten out of iiinetoen) who worked witli organ or urine extracts and injected them 
into normal animals. Our results permit the statement that the rat with liver 
cell damage i.s well suited for the demonstration of the thrombocytopenic agent. 

Thrombocytopen 1ms been of interest to most investigators on account of 
its hypothetical role in the patliogciicsi.s of thromboeytopanic purpura. Tor- 
rioU and Pudda"® have empha-sized that the principle wliieh injured the mega- 
karyocytes in bone marrow cultures is also present in mtiuy normal organs. 
If thrombocytopen is identical with this factor of the Italian authors, who used 
a “in’Otcin-frce aqueous extract,” our findings confirm tlieii' observations. AVe 
have, however, not boon able to demonstrate any significant differences in the 
degree of lhrombocytopGni<a produced in the animals by the homogenates pre- 
pared from the various types of pathologic spleens. TIjc results obtained with 
the sixteen human spleens used in this study (Table 111) may be grouped in 
relation to the hematologic status of the splcuectomizcd patients. With nor- 
mal spleens tlie average platelet reduction in the animals following a single 
injection was 57.5 per cent; ivith .spleens from patients with severe idiopathic 
or symptomatic thrombocytoiienic purpura (Talile III, Experiments 3 to 9) 
the decrease uas 45 per cent; and with spleens of patients without thrombo- 
cytopenia but with other hematologic disorders (Table III, Experiments 10 
to 16) the lowering of the platelets amounted to 41.7 per cent. 

Since the suspensions always were prepared in the same maimer and the 
injected dose was kept constant, these results indicate tJmt tlie concentration 
of the platelet-reducing principle per gram of tissue appureiitly was not in- 
creased in the siileen.s from patients with thvombocytopeuie purpura. Further- 
mox’e, there was no splenomegaly in the patients with Werlhof’s disease, which 
fact rules out the possibility that the absolute amount of thx'omboeytopeu with- 
in these extirpated organs may have been abnormally large. 

On the other hand it must be realized that crude Jjomogeuate.s are not too 
well suited for exact quantitative evaluation, as may be seen from our study of 
the do.sc-re.sponse relationship .(Table V) in which a saline suspension prepared 
from a normal spleen was used. Furthermore, the quantity of a biologic 
agent present in an organ at any given moment does not directly reflect on. its 
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production within this organ, or on its release into the circulation. Since our 
demonstration of the thrombocytopenic principle in the urine did not include 
any quantitative estimation of the output per day, this problem requires 
further investigation. Nevertheless, if one takes into consideration tliat so 
many normal organs contain at least a similar concentration of thromboeytopen 
as can be found in normal as well as in pathologic spleens, there is no evidence 
available from our data to suppoi't the hj^pothesis that this agent may definitely 
be involved in the pathogenesis of thrombocytopenic purpura. However, we 
are not yet able to explain why some investigators, although using normal ani- 
mals for testing, could demonstrate the piunciple more readily in pathologic 
spleens than in normal organs. 

In this respect the work of Moolten'^- ” is of particular interest. This 
author reported that normal and also certain pathologic spleens (e.g. in Hodg- 
kin’s disease) contain not only thromboeytopen but also another lipoid factor 
which has the opposite effect on tlie platelet level. He called this antagonist of 
thromboeytopen, capable of increasing the thrombocyte count, “ thrombocyto- 
sin.” Both thromboeytopen and thromboc3'tosin could be obtained as relatively 
purified substances and formed ethei'-insoluble digitonides in the manner of 
stex'oids. Thrombocytosin also was found in high concentrations in fatty tissues 
and in egg yolk and was effective when given orally. Normal urine and par- 
ticularly the urine of a splenectomized patient sometimes contained large 
amounts of the platelet-increasing agent. Moolten speculates that thrombocy- 
topen may be concerned in balancing the thrombocytosis produced bj' the die- 
tary factor thrombocytosin. Under the conditions of our experiments with rats 
with liver cell damage we have not j’et encountered anj' results suggestive of 
an effect of thrombocytosin. 

Ungar^®’ has isolated two substances from the spleen capable of influenc- 
ing the bleeding time of guinea pigs. “Splenin A” decreases, whereas “Spleniu 
B” definitely increases, the bleeding time. Splenin B is considered to be pos- 
sibly identical with the thromboejdopen of Troland and Lee.^^ However, no ex- 
perimental evidence is yet available demonstrating the ability of Splenin B to 
reduce the platelet level. It should be of interest to test these substances 
in rats ndth liver cell damage. 

So far we have assumed that the thrombocjdopenie agents found in the 
various organ homogenates as well as in the urine are one and the same prin- 
ciple. Thei*e is actually no proof for such an assumption, and this approach 
should be considered primarilj- a working hj'pothesis. We are, however, con- 
vinced that the thrombocytopenia in the rats -Rdth liver cell damage is a specific 
response to a single factor or to several factors. Such an interpretation is 
supported by the finding that the reduction of the platelets was not accom- 
panied bj'’ anj" change in red and white cell counts. 

The physiologic significance of thromboeytopen is at present unknown. 
It should be kept in mind that the demonstration of a powerful biologic agent 
obtained from animal tissues does not neeessarily indicate any “physiologic 
aetiviW.” Heparin, for instance, is certainlj'^ a veiy potent anticoagulant, 
but its role in the normal coagulation process is still debatable. 



STUDUS ON’ TH»OMBOC\'TOl>EX 


1349 


Tile use of the rat •vvitli 3iver cclJ tlai»afi:e should provide a reliable tool 
for tlie study of many problems j*elatcd to **thrombocytopen,” AYhatever the 
outcome may be, the dou)>ts eoneerniug: the reality of sueh a factor or factors 
may now ])c abandoned. Their existence at least seems to be assured. 

SUMMARY 

1. Tlu'ombocytopcn is tlie name which has been given to a principle, present 
in the spleen which, when injected into laboratory animals, is said to decrease 
their platelet count. Tin's principle is believed to play an important role in 
the pathogenesi.s of tliroinboeytopeuic purpura. So far nine out of nineteen 
investigators Imve confirmed the existence of this thrombocj’topciiie agent, 
whereas the other.s obtained cither inconsistent or negative results. 

2. Our approach to this problem was directed by the following considera- 
tions. Assuming that thromboeytopen is maimfaetiircd predominantly by the 
spleen, it seems very likely that the liver — being the first organ to receive blood 
coming from the spleen — may be involved in the inactivation of this principle. 
The effect of thromboeytopen may then depend not only on its concentration 
in the organ extracts but also on the modifying activity of the liver in the test 
animals. Consequently, a more reliable tc.st for throiiibocytopen may beeojne 
available by injection of organ J^uspensions into animals with liver cell damage. 

3. When organ homogenates were injected into rats with a high degree of 
livei* cell damage produced by carbon tetrachloride, a considerable drop of 
the platelet count was couststcnfly produced. Tljc same organ suspensions did 
not reduce the platelet count of nonnal animals. Neither penicillin (used for 
prevention of infection) nor carbon tetrachloride by themselves influeaced the 
platelet levels. No changes in the red or the white cell counts were observed. 

4. Two Jiormal liumau sploen.s, seven splcen-s from ]>atients with thrombo- 
cytopenic purpura (idiopatiiic and symptomatic), and seven spleens from 
patients without any thrombocytopenia, but with other hematologic disorders, 
were tested. All these orgaivs contmned thromboeytopen in approximately 
similar concentrations. Tlie piatelet-reduciug agent also was found in at least 
the same amount in normal organs (lung, heart, kidney, brain) obtained from 
dogs, cattle, or rabbits. 

5. When urine specimens of normal individuals or from patients with 
tliromliocytopenitj purpura were injected into rats with liver cell damage, a 
significant vcdiietioii of the platelet level also occurrecl The platelet-reducing 
agent could be extracted with ether. 

6. These results may indicate tlmt plij^aiologically thromboeytopen is ren- 
dered innocuous in the liver and then excreted in the urine. Since it can ha 
recovered from the ether extract, this factor is probably lipid in nature. Thus 
the metabolic behavior of the thi'omhocj’topcuic agent i-esembJes the well-known 
pattern of steroid compounds. 

7. There is at present no evidence available from our data wl)ich would 
siipport tlie hypothesis that thromboeytopen is definitely involved in the patho- 
genesis of thrombocytopenic purpura. Hoxvcvcp, further studies arc necessary. 
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production within this organ, or on its release into the circulation. Since our 
demonstration of the thrombocytopenic principle in the urine did not include 
any quantitative estimation of the output per day, this problem requires 
further investigation. Nevertheless, if one takes into consideration that so 
many normal organs contain at least a similar concentration of tlirombocj'topen 
as can be found in normal as well as in pathologic spleens, there is no evidence 
available from our data to support the hj’-pothcsis that this agent may definitel}^ 
be involved in the pathogenesis of thrombocytopenic purpura. However, we 
are not yet able to explain why some investigators, although using normal ani- 
mals for testing, could demonstrate the pidnciple more readily in pathologic 
spleens than in normal organs. 

In this respect the work of Moolten'^’ ” is of particular interest. This 
author reported that normal and also certain pathologic spleens (e.g. in Hodg- 
kin’s disease) contain not onlj^ thromboeytopen but also another lipoid factor 
which has the opposite effect on the platelet level. He called this antagonist of 
thromboeytopen, capable of increasing the thrombocyte count, “ thromboeyto- 
sin.” Both thromboeytopen and thrombocj’tosin could be obtained as relatively 
purified substances and formed ether-insoluble digitonides in the manner of 
steroids. Thrombocytosin also was found in high concentrations in fatty tissues 
and in egg yolk and was effective when given orally. Normal urine and par- 
ticularly the urine of a splenectomized patient sometimes contained large 
amounts of the platelet-increasing agent. Moolten speculates that thrombooy- 
topen may be concerned in balancing the thrombocytosis produced by the die- 
tary factor thromhoc3dosin. Under the conditions of our experiments with rats 
with liver cell damage we have not jmt encountered anj’ results suggestive of 
an effect of thromboc3dosin. 

Ungar^^’ has isolated two substances from the spleen capable of influenc- 
ing the bleeding time of guinea pigs. “Splenin A” decreases, whereas “Splenin 
B” definitel3’^ increases, the bleeding time. Splenin B is considered to be pos- 
sibly identical with the thromboe3dopen of Troland and Lee.®^ However, no ex- 
perimental evidence is 3’et available demonstrating the ability of Splenin B to 
reduce the platelet level. It should be of interest to test these substances 
in rats with liver cell damage. 

So far we have assumed that the thrombocytopenic agents found in the 
various organ homogenates as well as in the urine are one and the same prin- 
ciple. There is actuall3' no proof for such an assumption, and this approach 
should he considered primaril3^ a working h3'pothesis. We are, however, con- 
vinced that the thrombocytopenia in the rats with liver cell damage is a specific 
response to a single factor or to sevei’al factors. Such an interpretation is 
supported by the finding that the reduction of the platelets was not accom- 
panied by an 3 ' change in red and Avhite cell counts. 

The physiologic significance of thromboc3'topen is at present unknown. 
It should be kept in mind that the demonstration of a powerful biologic agent 
obtained from animal tissues does not necessaril3’- indicate an3^ “physiologic 
aetivit3'.’’ Heparin, for instance, is certainty a ver3^ potent anticoagulant, 
but its role in the normal coagulation process is still debatable. 
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THE PIBRINOCtEN B TEST AND INTRAVASCULAR THROMBOSIS 
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Medical Corps, United States Army 


I N RECENT j'ears intravascular thrombosis has assumed a prominent position 
on the list of postoperative complications as other mote common complications 
have been brought under control. A laboratorj' method for determining the 
presymptomatic thrombosis would be of great value in reducing the mortality 
rate and serious sequelae of intravascular thrombosis. Our interest in the 
fibrinogen B reaction was stimulated by the possible relationship it might hold 
to the diagnosis of intravascular thrombosis. The fibrinogen B reaction de- 
scribed by Cummine and Lyons’ was studied for a six-month period on the 
Surgical Service of Brooke General Hospital. The data set down in the report 
were derived from patients ivho had been hospitalized during tliis period of 
study. 

Cummine and Lyons accepted the earlier hypothesis of Berqquist,’ who 
stated that just prior to the formation of an infravaseular thrombus a “iire- 
thrombotic state” exists during which there is a significant reduction in venous 
clotting time. Although these investigators employed slightly different methods 
of clotting time determination, the critical zone was considered to be 3 to 4 
minutes, or less. 

Cummine and Ijyons introduce the concept of an intermediary product in 
the fibrinogen-to-fibrin reaction, to which they give the name fibrinogen B. The 
presence of fibrinogen B in the circulating plasma is considered abnoi'inal. They 
correlate its presence in the plasma with the production of intravascular throm- 
bosis. They note that fibrinogen B appears in the plasma whcnevei' tis.sue necrosis 
is present, especially in the case of jiyogenie infection. Lyons lias demonstrated 
in vitro that platelet fragility increases in tlie presence of fibrinogen B and has 
postulated the following possible mechanism’ ; 


Prothrombin + 


Pyogenic Infection aml/or Tissue Necrosis 


Fibrinogen B in Circulating Blood 

i 

Increased Plntelet Fragility 

i 

Pamaged Vein or 
Foreign Surface 

i 

Intravenous Thromboplastin 

i 

Ca ++ 

Thrombin 


VENOUS 

STASIS 


Fil)rinogon A + Thrombin 



Fibinogen B + Thrombin B 


VENOUS 

STASIS 


FIBRIN i THROilBOSIS 
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Cuinniinc and Lyons studied 580 patients and catalogued the* results of 
tlicir investigation as follows’ : 

Group 1. — In tlie-^e pntioiitn free fllirinogeii B does not occur in the plasma 
and the confjuintion Krnpli is of normal type. Intrnvnscular thrombosis does not 
develop in these cases. 

Group 2. — Free fibriiinj'on B may Im* found in the plasma, either persistently 
or jntcrmitfcntly, but the co;i;fuIntion graph is of noJiual type. Providing that no 
previous thrombosif- lias occurred and is rcnmiiiing as an intravascular foreign body, 
and that venous stasis is prevented, thronibosi.s does not develop in these eases. 

Group 3. — Free fibrinogen B oecurs in the plasma and the coagulation times 
remain persistently low in the order of .3 to 4 minutes. Intravascular thrombosis 
appear.s to bo inevitable in these cases, either in the legs or at tlic lung bases. 

Group 4. — No free fibrinogen B is found in the plasma but tlie coagulation 
graph is consistently Io«. This combination of the two factors has not occurred in 
any of the patients studied as a primary jdienonienon, but has been seen on several 
occasions after an intravascular thrombosis has occurred. In each instance it is 
significant that the thrombosis recurred at the initial site and can be interpreted 
as n local c.vaeerbation due to the presence of an intravascular foreign body in 
association with venous stasis. 

\Vc have undertaken a study for the purpose of estimating tlie practical 
value of the fibrinogen B test in a military medical cstaljlislimcnt. 

JIETHODS AND MATERIALS 

Clotlinff time dctermuiations were performed after the nictliod outlined by Curamine and 
Lyons witli only slight modification, i.e., the capillary tube filled with fingertip blood was 
broken every thirty seconds ratlicr than every si->cty seconds during tlie first four minutes. 

Fibrinoffcn li determinations were performed as follous. The re.agent ^ns prepared by 
dissolving 2 Om. j8-naphtlioI in 100 ml. of 50 per cent alcohol. If the solution turned brown, 
it uas exposed to oxygon in order to return it to the colorless state. Blood was withdrawn 
from the nntecubital vein in a dry sterile syringe and 4.5 ml. wore mixed immediately with 
0.5 ml. of 1.1 per cent solution sodium oxalate. The blood sample was taken usually mid- 
way between breakfast and lunch; houevor, we found no evidence to suggest that the results 
were influenced by food intake. The specimen was centrifuged and 1 ml. plasma was jdacod in 
a 13 by 100 mm. tube. Five drops of the reagent were added to the plasma and the mixture 
was alloA\cd to stand at room temperature for ten minutes. If a gel formed, a value of from 
1 to 4+ was assigned, depending on the quantity of gel present. If no gel formed during 
that period, the test was recorded as negative for fibrinogen B. 

RESULTS 

A total of 553 fibrinogen B dctcrmiiiation.s and 337 capillarj’' clotting time 
determinations were made on forty-eight iio.spital patients and four normal 
subjects. Tlie maximum length of time an individual case was followed was 
fifty days, and the minimum, one day. 

The cases chosen were selected deliberately for anticipated demonstration 
of a Avide latitude of response to the test. Table I lists* bj' diagnosis, the types 
of cases studied and the results of the survey in tenns of “posith'e,” “doubtful," 
and “negative." The extent or severity of the pathologic changes is not cor- 
related, nor is any quantitative estimate of the amount or duration of fibrinogen 
B present stated. In general, however, the quantity of fibrinogen B present 
was in direct proportion to the severity of the disease. 
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CohuHHs three and four sliow the results obtained at room temperature and 
at 6° C. The description of the test set down liy Lyons states that room tem- 
perature is to he used. We noted that certain tests negative at room tempera- 
ture would become positive if repeated at 6° C. On further investigation, it 
was demonstrated that as the quantity of filirinogen B rose it could be detected 
earliest at 6° C. and then later at room temperature. Conversely, as the 
plasma content of fibrinogen B fell, the test first became negative at room 
temperature and later at 6° C. Correctly or not, we assumed that the gel 
formations at room temperature and at 6° C. represented the same substance, 
and we used this finding as a rough quantitative inde.v. 


Table I 




1 


KESUETS 




NUMBER 

OF 

ROOM 

1 TEMPERATURE | 


0“ c. 


DIACfNOSIS 

GASES 

1 p 

1 f 1 

N ! 

P 

1 1 

N 

Normal subjects 

4 

0 

0 

4 

0 

1 

3 

Thrombophlebitis, deep 

12 

3 

4 

5 

11 

0 

1 

Thrombophlebitis, supcrficiut 

1 

0 

0 

1 

1 

0 

0 

Soft tissue trauma 

2 

1 

0 

1 

o 

0 

0 

Acute infections 

6 

0 

1 

5 

5 

0 

1 

Acute thermal and chemical bums 

3 

1 

0 

2 

2 

0 

1 

Chronic infection 

9 

0 

1 

8 

0 

3 

0 

Carcinoma (!)rain, stomacli, cervix) 

3 

0 

0 

3 

3 

0 

0 

Abdominal stab vounds, contaminated 
■Uncomplicated postoperatives 

ty 

1 

0 

1 

2 

0 

0 

5 

1 

0 

4 

2 

3 

0 

Cirrhosis, periportal 

1 

0 

0 

1 

1 

0 

0 

Common, duct obstruction 

1 

1 

0 

0 

1 

0 

0 

Myocardial infarction 

1 

0 

0 

1 

1 

0 

0 

Congestive failure 

1 

0 

0 

1 

1 

0 

0 

Late pregnancy with pyrexia 
(unknown origin) 

1 

0 

0 

1 

1 

0 

0 

Prolonged bed rest with liip fracture 

1 

0 

0 

1 

0 

1 

0 


P, positive : D. cloubtfiil ; N, negative. 


Examination of the results in Tabic I indicates that there is no specificity 
of response peculiar to oases of intravascular thrombosis. Suggestive trends 
ai’e poorly defined. One finding is outstanding, namely, that whenever tissue 
necrosis is present, the test is usually positive. 

In the twelve cases of deep thrombophlebitis, only one patient demonstrated 
a positive test at room temperature for fibrinogen B on the daj' of clinical diag- 
nosis. Subsequent positive results at room temperature were inconstant and 
afforded little recognized clinical value. In this series three of the twelve patients 
gave a clotting time of 4 minutes or less on the day of clinical diagnosis. 

In the entire series of fifty-two cases, only two patients fulfilled one of the 
criteria of Cummine and Lyons, i.e., lowering of clotting time and the appearance 
of fibrinogen B in the plasma as indicative of inevitable thrombosis. Neither 
patient developed clinical symptoms of intravascular thrombosis. 

DISCUSSION AND SUJIMARY 

Over a six-month period at Bi’ooke General Hospital, the incidence of deep 
thrombophlebitis on the Surgical Sendee was less than 1 per cent. To conduct 
a survey for the purpose of extensively confirming or denying the hypothesis of 
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Cumminc and LyoJis, it would bo necessary to follow daily everj' individual 
admitted to the Surgical Service, that is, to make in the neighborhood o£ 20,000 
to 25,000 tests. In the cxi)ericncc reported herein, 553 tests were made. In 
onl}' two instances the criteria of Cuinminc and Lyons for inevitable thrombosis 
were fulfilled, but neitbor patient developed clinical evidence for intravascular 
thrombosis. On tJie basis of experience to date, the test would appear to be of 
no particular value in llio confirmation of a diagnosis of tbrombopblebitis sus- 
pected cUiiically. ‘While the present small scries neither confirms nor denies 
tlio concepts expressed by Gumminc and Lyons, it places some doulit on the 
precision of interpretation of low clotting times. 

In light of the present good rc.snlts of anticoagulant therapy in intravascular 
thrombosis initiated on clinical evidence alone, the practicality of this test is 
open to question as a routine examination on all surgical patients. 

The fact that the te.st is more .sensitive at 6° C. is not explained. The 
results arc interesting hut arc difficult to assess. 

Wo arc ill agreement with Cummiuc and Lyons in noting an apparent rela- 
tion between the presence of tissue necrosis and the appearance of fibrinogen B 
in tho circulating plasma. In fact, this rclation.ship is the only constant finding. 
Wo have noted also, «as have Cummiuc and Lyons, tlmt tliere is a persistently 
negative tost for fiiirinogcn B in thrombophlebitis after it is initially positive. 

ADDENDUM 

Dunn, Jnchson, and Lyoiis3 report n high percentngc of positive fibrinogen B tests in 
corigeativo canlinc faiJure (07 per cent), recent coronnrj' occlusion (JOO per cent), fbrom- 
botic states (100 per oent), acute sepsis (100 per cent), and chronic sepsis (DO per cent). 
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Lyophila^d Frothromhin-Frcc Flasmas. — TJ-sing the method of ITlosdorf and Mudd^ a 
large quantity of prothrombin-free normal human pooled plasma was divided into 1.0 ml. 
aliquots, quick frozen at -70° C. in a bath of dry ice and al)soluto alcohol, and dried by the 
lyophiie process. Tiio anipulc.s were then scaleil with an oxj-gcn-COj torch and stored in a 
deep freeze at -20° C. until ready for use. This method of lyophilization, when properly 
performed, removes over 09 per cent of the w'atcr.3 Reconstitution was effected by adding 
to the dried material 1.0 nd. of distilled water containing 10 per cent by volume of imidazole 
buffer solution {.see below). 

Prothrombin-free plasma (bovine) was lyophilized, stored, and reconstituted in a simi- 
lar manner. 

Determination of the. Stahility of Stored Frothromhin-Frcc Plasmas. — Dotcrrainalion of 
prothrombin concentration bj’ tho dilution method of Eosonflcld and Tuftn was used as a 
measure of the stability of stored prothrombin-frec plasmas. Using the one-sfage method 
of Quickii the prothrombin time was first determined on freshly prepared irndilutcd citrated 
plasma. Then, 0.1 ml. of the fresh citrated plasma was diluted with 0.9 ml. of stored pro- 
thrombin-freo plasma (human or bovine) and the prothrombin time determined in duplicate 
using tho one-stage method of Quick. The prothrombin time was converted to prothrombin 
concentration by means of prothrombin time-concentration reference curves, and the con- 
centration multiplied by the dilution factor of 10. 

Determination of Fibrinogen. — Tho micro-Kjcldahl technique for the determination of 
nitrogen was employed, fibrinogen being reported in terms of clottable nitrogen. Since pro- 
thrombin was lacking in many of tho plasmas a standard procedure was employed to clot 
fibrinogen: 15 ml. of a 1:00 dilution of a 10 per cent thrombin solution {Hemostatic 
Globulin) * was added to 0.5 ml. of osalated plasma. This mixture was .allowed to coagulafe 
for one hour at which time the fibrin was wound on a glass rod and tho nitrogen content 
determined. Each determination was done in triplicate. 

Determination of Aniithromhin. — Imidazole buffer solution was made by dissolving 1,72 
Gm. of imidazole (Eastman Kodak Company') in 90 ml. of O.IOK hydrochloric acid and di- 
luting to 100 ml. by the addition of single distilled water.r Such a buffer has been shown 
to have no effect on blood coagulation.r “Buffered .saline” was made by adding 10 ml. of this 
solution to 90 ml. of a solution of sodium chloride (85 Gm, per 100 nd.). I3uch buffered saline 
had a pH of 7.1 to 7,3. One gram of Hemostatic Globulin* was dissolved in 300 ml. of buf- 
fered solution, and a 1:32 dilution was made with buffered saline. By adding 0.1 ml. of this 
1:32 thrombin dilution to 0.2 ml. of normal plasma in a 10 by 75 mm. tube at 37.5° C., co- 
agulation usually occurred in twelve to thirteen seconds. An increase in antithrombin could 
therefore be detected by noting prolongation of the coagulation time in such a system. 

Determination of Dydrogen-lon Concentration (pH). — pH determinations were done 
using a glass electrode potentiometer (Beckman). 


Stahility of Protliromhin-Frcc Plasma (Ilximan ). — Table I shows the effect 
of storage at various temperatures on the stability, thrombin time, and pH of 
pooled normal prothrombin-free plasma (human). Zero time in tlte table is 
taken as the completion of preparation of the prothrombin-fi'ee plasma. It is 
shovm that the pi’othrombin time of fresli normal citrated plasma diluted with 
stored prothrombin-free normal plasma becomes progressively prolonged as the 
time of storage of the diluent lengthens. Such prolongation becomes manifest 
as early as one hour of storage at 37.5° C. and 30° C. The lower the temperature 
of storage the less tendency there is for such pi'olongation to develop over a 

•Supplied by Ledevle Uaboratoric.*!. Pearl River, N, Y. 
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twentj'-foui’ hour period. At -20° C. there was no eliange in twenty-four hours 
but witiiin ninety-six hours prolongation was manifest.* 

The duration and temperature of storage correlate well with the thrombin 
time in that tlie higher the temperature and the longer the duration of storage 
the greater is the antithrombic effect observ'ed. At -20° C. the thrombin time 
remained essentially unchanged over a twenty-four hour period. 

Coincident with prolongation of the tlu-omhin time at 37.5° C. and 30° C. 
storage, a rise in pH occurred. Althoiigli no prolongation of the thrombin time 
was observed in prothrombin-frec plasma (human) stored at -20° C., a rise in 
pH occurred in twenty- four hours that was equal to that observed at the higher 
temperatures of storage. The temperature of storage apparently exerted only 
a mild induenee on the pH changes as shown iji Table I. It is worthy of note 
that the pH changes occurred rapidly at 37.5° C. and 30° C. and then became 
stabilized without further rise. Similar prolongation of the thrombin time and 
a rise in pH to the same degree were not observed in citrated or oxalated plasma 
stored at 30° C. for twenty-four houns (Table I). 

No significant quantitative variation in fibrinogen occurred in any of the 
samples during the periods of storage studied. 

SUMlity of Lyophilized Proihromhin-Pree Normal Plasma (H'lman ). — 
In each instance the lyopliilized prothrombin-free normal plasma (human) was 
used immediately upon reconstitution. No alteration in activity was observed 
when the reconstituted material was used as a diluent of fresh citrated plasma 
in the determination of the prothrombin time. Table II shows the numerical 
results .of these determinations as well as the “tJirombin times” and pH values 
done initially and after a 70-day period of storage in the lyopliilized state 
at -20° C. There was no observed change in the thrombin time or in the pH 
values. Fibrinogen determinations were not done. 

Stahiliiy- of Lyopliilized Prolhromhin-Frce Plasma (Bovine). — Since 
lyophilized prothrombin-free plasma (bovine) has larger amounts of the 
“plasma prothrombin acceleratoi's” resulting in acceleration of the pro- 
tlu'bmbin time,®’ ® it became necessary to prepare a prothrombin time-con- 
centration curve using prothrombin-free plasma (bovine) as a diluent of 

Table II, The Stability of Stored Lyophilized Prothrombin-Free Plasma (Human) 
[Reconstitution with buffered distilled water was done immediately prior to each determina- 
tion. The prothrombin concentration is derived from the prothrombin time-concentration 
curve using prothrombin-free human plasma as a diluent of fresh normal pooled human 
plasma (citrate),] 


PERtOD OF 
STORAGE 
(WK.) 

PROTHROMBIK 

TIME 

(SEC.) 

PROTHROMBIN 

CONCENTRATION 

(%) 

pH 

THROMBIN TIME 
(SEC.) 

0 

25% 



12 

1 

26 




2 

25% 



-- 

3 

26 





4 

27 





6 

25% 

120 




10 

26 

115 

7.83 

n% 


‘Further studies are in progres-s and will be reported elsewhere. 
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pooled fresh normal human plasma (citrate). This reference curve as well as 
those em})loying prothromhin-free plasma (human) and saline as diluents 
is show]i in l^ig. 1. Tlic dilTcrcnccs in the curves are considerable. It should 
be noted also that the prothrombin time of a 50 per cent mixture of fresh 
citrated normal plasma and prothrombin-free plasma (bovine) is shorter than 
that of the "whole pooled fresh normal human plasma (citrate). 


PROTHROMBIN TtME-CONCENTRATtON CURVES 



Using reconstituted lyophilized prothrombin-free plasma (bovine) as a 
diluent of fresh normal human plasma, no alteration in activity was observed 
over a 140-day period. 

Thrombin times and pll values done initially and at the end of the storage 
period at -20° G. in the lyophilized state showed no change in these determina- 
tions as shown in Table III. 

Table III. Stability of Stored Ta'opjiu.ized PnoTiiRomnN-FnEE Plasiia (Bovine) 
(Reconstitution was douo with buifexed distilled water immediately prior to each determina- 
tion. Tho prothrombin concentration is derived from tho prothrombin time-concentra- 
tion curve using prothrombin-free bovine plasma as a diluent of pooled fresh normal 
plasma.) 


FERIOD OF 
STORAGE 
(WK.)' 

1 frothrombin 

1 time 

1 (SEC.) 

PROTHROMBIN 
CONCENTRATION ! 
(%) 

pH 

THROMBIN TIME 
(SEC.) 

0 

2i% 

120 

7.78 

11 

2 

21% 

120 

, 



4 

oo 

117 

1 


10 

21% 

120 





20 

23 

HO 1 

7.80 1 

11% 


DISCUSSION 

It has boon shown in the foregoing experiments that plasma rendered free 
of prothrombin is quite unstable when stored in the fluid state, as evidenced by 
prolongation of the prothrombin time of fresh plasma diluted with it; it is more 
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stable -when frozen and maintained at -20° C. for relatively short periods of 
time, bnt even at this temperature of storage alteration in activity is observed 
after several days. The prolongation of prothroml)in time is not due to cpiantita- 
tive changes in fibrinogen. When stored in the fluid state for limited periods no 
change occurred in the filDrinogen content of prothi'ombin-free plasma and there 
was no apparent decrease in the fibrinogen ‘ ‘ reactivity, ’ ’ as suggested b,y Loomis 
and Seegers,® since a “normal” thrombin time can be obtained bj^ increasing 
the concentration of thrombin in the reaction mixture or by reducing the pH.'® 
In addition, Alexander' has shown that the plasma of a patient witli congenital 
afibrinogenemia exhibited prolongation of the prothrombin time similar to that 
of normal plasma under the same conditions of storage. 

The observed alteration in stored prothrombin-free plasma (human) ap- 
peal’s to be related in part to the development of antithrombic activity possibly 
resulting from treatment with barium sulfate per se, since imtreated oxalated 
and citrated plasmas containing prothrombin do not develop antithrombin 
activity at the same rate of speed or to the same extent when stored at 30° C. 
The observed prolongation of the prothrombin time and apparent antithrombic 
activity have been shown to occur concomitantly with a rise in pH by Tanturi 
and Wetzel.'® They have reported a prompt reduction in antithrombic activity 
in prothrombin-free plasma following the lowering of the pH to 7.6 to 7.8. In 
addition to tliis ob.sei’vatio 2 i, tJm formation of fihr'm by tlm action of thrombin on 
fibrinogen has been shown, by Morrison,® to be intimately concerned with the 
pH of the reaction mixture. Below a pH of 5.7 no fibrin will form," while be- 
tween a pH of 6 and 7 there is a noticeable increase in the rate of reaction as 
the pH rises. As the pll is further increased above 7, there is less obvious m- 
eease in the rale of reaction.® 

From the available data i-eported here, it is imimssiblc to conclude that pH 
changes alone are responsible for the antithrombic activity since prothrombin- 
free plasma (human) stored at -20° C. in the frozen state for twenty-four hours 
showed an increase in pH when thawed without antithrombic activity. This is 
further borne out by the observations of Tanturi and Wetzel’’'' who have shown 
that the antithrombic activity can be abolished without lowering the pH of the 
reaction mixture by the addition of protamine sulfate. They have suggested 
from this that stored prothrombin-fj’ee plasma may have an increased heparin 
content. For clarification of the relationship between pH changes and anti- 
thrombie activity further work is required. 

It has been suggested'® that the observed antithrombic activity of stored 
prothrombin-free plasma is responsible for ])rolongation of the prothrombin 
time of fresh plasma diluted with it. This would seem true only in part since 
other factors also are involved. If the pll of nonlyophilized stored prothrombin- 
free plasma (human) is ad.justed to 7.4 and the plasma tested for labile factor 
actirntj’ (Quick),” there is found a pi’ogre.ssive reduction in the amount of this 
substance as the drrration of storage lengthens even though a pH of 7.4 is main- 
tained. The lower the temperature of storage, the less tendency there is for 
such a redrretion to occur, as noted elsewhere.'® There would thus appear to be 
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at least two factors responsible for the prolongation of the prothrombin time 
of fresh normal plasma (citrate) diluted witli stored nonlyoplulized pro- 
tlirombin-free plasma. Initially an apparent autithrombin develops causing mild 
delay in the speed of coagulation. After a relatively short period of storage 
at 37. S'* C. and 30° C., there oeciH*s gradual inactivation of the “protlirombin 
accelerators”'’’^*’ whieh results in further slowing of the speed of coagulation. 
The additive effect of these two changes jiresumably results in a significant pro- 
longation of the coagulation time to a limit, after which time the antithrombic 
effect becomes stabilized, as does the pH. The ‘^prothrombin accelerators” 
finally become completely inactivated. 

By lyophilizing prothrombin-free normal plasma (human) as outlined by 
Plosdorf and IMudd,* observing their precautions to establish the proper rela- 
tionship between total volume of material and available surface during the 
])rocess so as to insure projicr lyophilization, it is possible to maintain such 
material in stable form for many weeks. By reconstituting it to a pH of 7.3 to 
7.4, a diluent is obtained tliat is <iuitc active and whieli possesses no antithrombic 
activity or additional loss of “prothrombin accelerators” when used promptly. 
Other observers” have reported inci’cascs in pIT and antithrombic activity to 
occur in lyophilizcd protlirombin-frcc plasma. Sncl) findings have not been 
observed here over a ])eriod of storage of ten to twenty weeks. "Why this dis- 
crepancy exists is unknown since we have oliserved the same results of stability 
when using unbuffered distilled water for reconstitution of the lyopliilizecl 
prothrombin-free plasma. It is possible that the cause of such altered activity 
in the material studied by others” is incomplete lyophilization. 

Using barium sulfate as an adsorbing agent of prothrombin, there also oc- 
curs a reduction in certain plasma components that are intimatelj’- concerned 
with the speed of the coagulation reaction. To what extent barium sulfate re- 
moves the “accelerator substances” is unknown, but it is reported that approxi- 
mately 50 per cent of Owren’s Factor V is removed although the amount of 
BaS 04 required to effect this removal is not stated.” Tlie difficulty of simul- 
taneously depleting plasma of its prothrombin and certain of the “accelerator 
TAibstanees” can be eliminated by using as a diluent bovine plasma treated with 
barium sulfate. Owren” and Seegens” both have shown that bovine plasma 
contains much greater quantities of their factoi*s than docs human plasma. Be- 
cause of this observation, Owren” advocates the use of prothrombin-free bovine 
plasma as a diluent of human plasma so as to insure an excess of Factor V. 
Since it appears likely^ tliat Factor V of Owren,” plasma accelerator globulin of 
Seegers,” and labile factor of Quick” arc the same activities, it is possible to 
have excesses of these activities as well as an excess of plasma thromboplastin 
and fibrinogen in the dilution method of Rosenficld and Tuft for the determina- 
tion of prothrombin concentration by using prothrombin-free bovine plasma 
as a diluent of fresh citrated human plasma. 

In the lyophilized state prothronihin-frce bovine plasma maintains unaltered 
activity as a reconstituted diluent of fresh human citrated plasma, and no anti- 
tlirombic activity or pH changes were observed over a storage period of twenty 
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weeks. Because of the greatei- “prothrombin accelerator” activity in ])ovine 
plasma, it is necessary to e.stablish a prothrombin time-concentration curve 
using prothrombin-free bovine plasma as a diluent. The shorter prothrombin 
time obtained at a 50 per cent concentration of prothrombin (see Fig. 1) using 
prothrombin-free bovine plasma as a diluent is most likely due to the greater 
“prothrombin accelerator” activity of this diluent. 

By lyophilization of prothrombin-free normal human or bovine plasma, 
there is thus placed within easy reach of many laboratories and physicians a 
reagent whereby more accurate determinations of prothrombin can be accom- 
plished. With proper reconstitution of a stable (lyophilized) tlu’omboplastin 
and a stable (lyophilized) pr'othrombin-free diluent of fresh normal eitrated 
plasma, prothrombin determinations can be po'formed reprodueibly. 

SUMM.-VRY AND CONCLUSIONS 

Experimental data are pre.sented showing the great instabilitj- of normal 
human plasma rendered prothrombin-free by treatment with barium sulfate 
and stored at various temperatures in the liquid state. Such instability is shown 
to result in prolongation of the ])rothrombin time of mixtures of fi'esli normal 
eitrated plasma and stored prothrombin-free plasma. This instability is thought 
to be due to the occurrence at 37.5° C. and 30° C. of antithrombic activity as 
well as inactivation of the “prothrombin accelerators.” The mechanism of 
development of antithrombic activity is not well understood. Lyophilized pro- 
thrombin-free human and bovine plasma stored at -20° C. for ten and twenty 
weeks respectively are shown to possess unaltered activity as diluents when re- 
constituted with buffered distilled water and used immediately. A discussion 
is given of the advantages of using a dilution method for the determination 
of prothrombin concentration, employing prothrombin-free bovine plasma as a 
diluent of fresh normal eitrated plasma. Prothrombin time-concentration curves 
using three different diluents are included and the need for selection of a proper 
diluent is obvious. It is recommended that lyophilized prothrombin-free bovine 
plasma, reconstituted with buffered distilled water, be used as the diluent of 
fresh normal eitrated plasma in the determination of prothrombin concentration, 
as a means of supplying an excess of certain “prothrombin accelei’atoi'S ” to a 
eoagtdation system in which prothrombin thus remains as the only variable. 

It is concluded that prothrombin-free human and bovine plasma (1) main- 
tain stability when properly lyophilized and stoi-ed at -20° C. for ten and twenty 
weeks respectively, and (2) when reconstituted to pH 7.3 are ideal diluents of 
fresh plasma for the determination of prothrombin concentration. 
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BIOLOGIC STUDIES WITH ARSENIC'" 


III. The Effect of Arsenic"" Upon the Clinical Course of Patients With 
Tujiors of the Hematopoietic Tissues 

ALvtthew Block, M.D., Ph.D.,* Leon 0. Jacobson, M.D., and 
W iLLiAJi Neal, M.D. 

Chicago, III. 

INTRODUCTION 

S INCE both stable arsenic and irradiation have been used independently in 
the treatment of tumors of the hematopoietic organs it was thought that 
it might be advantageous to utilize radioarsenic (As'"), a substance which is 
metabolized like stable arsenic, exerts a similar chemotherapeutic effect, and 
is at the same time a source of irradiation. 

As'", which has a half-life of 26.8 hours and which emits energetic beta 
and gamma rays, was prepared by pile irradiation of arsenic trioxide, and 
later in higher specific activity hy pile irradiation of eaeodylic acid. It was 
injected intravenously as sodium arsenite. The stable arsenic content usually 
varied from 3 to 10 mg. of arsenic tier single injection of 1 to 80 me. of As'". 
Cacodylip acid, as obtained after pile irradiation at the Argonne National Lab- 
oratory, is prepared for injection by remote control from behind lead shields 
because of its penetrating gamma radiations. The details of the preparation 
of As'" and its metabolism have been given in two preceding reports.’’ ° 
Arsenic is distributed rapidlj' to all tis.sues after intravenous injection. 
Highest levels are reached within twelve to tiventy-four hours in the spleen, 
liver, and kidney. Fifty per cent is excreted within seventy-two hours, pri- 
marily by the kidnejL It is estimated that 1 me. of As'" will deliver about 1 
r. of total bodj’ irradiation. 

methods 

Twenty-four patients with tumors of the hematopoietic tissues, two with polycythemia 
rubra vera, and one witli a metastatic carcinoma form tlie basis of tliis study. Tiie diag- 
nosis was suiistantiated microscopically in every case. Many of the patients had repeated 
biopsies of bone marrow, liver, Ij-mph node, and spleen, which will be made the subject of a 
future report. (Table I.) 

The first few patients in this study were treated with extremely small amounts of As"<> 
as far as specific radiation effect wa.s concerned, althougli receiving at the same time enough 
stable arsenic probably to exert a mild chemotherapeutic, effect. The first doses attempted 
were about 0.5 to 2.0 me., but within a short period of time this was increased, partly be- 
cause of experience with the inadequacy of these doses and partly because of the availability 
of arsenic with a higher specific radioactivity. As much as 90 me. with about 5 mg. of stable 
arsenic were administered in a single injection to the recently treated patients. In addition, 
each patient received such supplemental treatment as transfusions, antibiotics, Digilanid and 
mercurials, and toluidinc blue or protamine sulfate as indicated. 

From the Argonne National Laboratory and the Departments of Medicine and Surgery 
of the University of Chicago. 

Supported in part by a grant from tlie American Cancer Society on recommendation cf 
the Committee on Growth of the National Research Council. 

Supported in part by an Institutional Grant from tlie American Cancer Society. 
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TaULK I. DtAdNOSIR, l)(»KAflE, ANU RESTONSE TO TREATMENT WiTlI AS^O 


ntAONOSIS ] 

CASE ; 

MrMJCL'RIES OP 

as’® 

RESULTS 


H 

24 on 10/24/47 
60 on n/I2/47 

No renii.ssmii, <iie{l of hemorrhage 


■■ 

69 

No remission, died of hemorrhage 

Puhneute myclogonou** 
louconii.a j 

3 

13.5 on 10/3/47 
12 on 30/10/47 
43 on 1/31/48 

47 on 5/14/48 

Tijrce rcm»‘!.«ion.s of 2 to 3 mo. each. 


4 

17 i 

1 

Inadequate do‘^o, died of intracranial hem- 
orrluige 

i 

o 

no ' 

Remission of 1 ivk,, then steady downhill 
course. 

Chroiiio myolog^noua leu- 1 
ceniin 

0 

:30 1 

Symptomatic improvement for 2 wk. until 
death from cereltral hemorrliage 


i 

.30 on 3/31/47 

54 OH 2/1/49 

First remission of 5 mo., seeond of 2 mo. 


8 : 

60 

Good remission for 4 mo. 


9 i 

40 

Good remi.s.sion for 39 mo. 


10 

i 

32 on 6/11/48 

59 on 1/2S/49 

Six-week remission on inadequate dose, sec- 
ond remissjon of 2 mo. 


11 

69 on 2/4/49 

35 on 2/11/49 

Symptomatic improvement 1 mo. 

Subacute lymplmtic lou- ; 
cemia 

12 

36 on 3/30/48 

39 on 2/6/48 

Little inij'TOPement, eoncurrvmt hemolytic 
anemia 


13 

60 

Remission of 2Hi mo. Imt had series of 
pyoge'nif abscesses 

i 

14* 

14 

Remissiou of 1 mo., then died of hemor- 
rhage 

i 

1 

15 

72 

Remission of 1 mo,, then died of goncrnl- 
ized tulierculosis 

Olironic lymphatic leu- 

15 

38 

No response, in severe mental depression 
at time of treatment 

1 

ir 

38 

Died of cerelwal hemorrhage after 4 nk. 
of svmptomatie improvement 

i 

1 

IS 

80 

TttO-ueek remission, died of pericardial 
elTcsion 

i 

19 

76 

Five-month remission until death from 
rougeativo heart disease 


20 

45 

;Three-month remission 

Multiple wyclom.'i 

21 

!i 5 on 8/28/47 

12 on 9/0/47 

!8ix-montlv remission i unusually benign 
type of case) 


22 

88 

Sev'on-month remission 

Myoo.'sj.** fungoides 

23 

USSKi ZESj 

No re.sponso, later re-spouded to x-ray 

Metastatic carcinoma, 
primary in .■'tomacli 

24 

80 1 

Uccrea'»c in size of liver Imt progressive 
domduJI course 


•Referred by Dr. Arvld Johnston, llockforil. III. 


RESULTS 

IIodgkin*s Disease , — Each of four patients with Hodgkin disease re* 
ceived from 1.0 to 13.0 me. of As^* and up to 02 mg. of stable arsenic in di- 
vided doses. The longest remission, two months, was obtained in a jiatient re- 
ceiving 52 mg. of stable arsenic and 13.6 me, of As’'*, However, it was felt 
that the amount of stable arsenic w’as such as to be sufficient in itself to pro- 
duce a remission, and that the As‘* had not been given an adequate trial in 
this group. 
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Aonte Levcemia . — Both patients experienced a sharp drop in the white 
count and platelets but no significant change in the differential count (Pig. 1). 
Oase 1 developed a severe hemorrhagic process and Case 2 had a terminal rise 
in the white count to 180,000. Both patients had an intractable anemia which 
failed to respond to therapj^ of any nature including massive transfusions. 



It is clear that these two patients failed to show any better response to 
As‘“ than has been noted in the past to urethane,^ nitrogen mustard, 

or x-ray.^“ It is prol)able that Aminopterin'^' will have more to offer than 
As^“ in the treatment of acute leueemia. 

Subacute Myelogenous Leueemia . — Case 4 did not receive enough As"® to 
exert a therapeutic effect. Case 5 had an extremelj- short remission but the 
patient was in very poor condition when treatment was begun. If the result 
obtained in Case 3, in which there were three remissions varjdng from about 
four months to two months in spite of an intractable osteomyelitis, can be dupli- 
cated in other eases of sitbacute myelogenous leueemia, it would appear that 
As"® may be about as effective as Aminopterin’=^ and superior to the more com- 
mon therapeutic agents'*’ and radiosodium*^ in the treatment of this 

condition. 
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Fis. 2. 


Cftrotuc ilfyclogeuous r>cucenua.— Four ^Cases 6, 8, 9, aud 11) of the six 
patients were previously untreated and one (Case 7) had one conrse of 
urethane and should also he classified as an early ease. Four patients re- 
sponded with remissions from four to sixteen months in duration (Fig. 2) and 
two (Cases 7 and 10) responded in a similar manner to a second course of 
As^*^. The other untreated patient (Case 11) had only slight symptomatic im- 
provement. The sixth patient (Case 6), refractory to x-ray therapy, died 
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of a cevebi'ovascvilav accident. However, his anemia failed to respond to trans- 
fusions folloM'ing As'® and he may be ela.ssified as a therapeutic failure as is 
ixsually tlie result in patients of this t.vpe.'* 

Chronic myelogenous leucemia is a disease vritli great variations in its 
course. Patients have been known not to develop any subjective symptoms for 
as iong as five years after the diagnosis was established.’"’’ However, only a 
minority (16 per cent) of patients have spojitaneous remissions once the disease 
produces anemia or subjective .symptoms.'"’ Therefore, any good result obtained 
in patients wlio were treated merely on the basis of a positive diagnosis may be 
ascribed to the benign nature of the di.sease I’ather tlian to the direct effect of 
therapy. 

With this reservation in mind it would appear that even the greater dif- 
ferences in response reported in previously unti-eated patients following 
x-ray, P’*-,'*’ urethane,"’ Fowler's solution,"'’ and Na"" may well he 
due to variation in the biologic nature of each jxatient’s disease. It would, 
therefore, appear that remissions of four to si.vteen months in our untreated 
cases represent no better than an average response (Fig. 2). Like other gen- 
eralized methods of therapj'-, As"® is not as effieaeions in reducing the size of a 
huge spleen as local x-ray therapy,^ but like P"" and Na"’ ’* it rarelj"" pro- 
duces any toxic symptoms. 

Subactife Lyiiiphaiic Leucemia . — Two of the four patients (Cases 13 and 
14) were previouslj^ untreated and had symptoms of comparatively shox't 
duration. One patient. Case 15, had received x-ray therapy with very little 
benefit and one, Case 12, had received ixrethane without improvement. Three 
(Cases 13, 14, and 15) responded to therapy with an improvement in appetite, 
decrease or absence of fever, decrease in lymphadenopathy, and lowering of 
the white count for about two months. However, two (Case 13 and 15) of 
these three experienced the onset of a severe infection, furunculosis in one, 
tuberculosis in the other. 

The fourth patient (Case 12) had a hematologic response with a drop in 
white count and a decrease in fever, hut because of an associated hemolytic 
anemia he continued as an invalid until his death one year later following 
splenectomy in another institution. 

These results are, in general, comparable with those reported in the litei’- 
ature following Aminoptevin.'" Possibly subacute lymphatic leucemia may 
show a better response to As"® than that reported after P"",'’ ® nrethane,"* 
or nitrogen mustard.’® The occurrence of two severe infections (Cases 13 and 
35) at the time of greatest depression of the white count should warn against 
the ixse of As"® in the pre.senee of any generalized infection, especially tuber- 
culosis. We have been impressed by the occurrence of a flare-np in cases of 
previoixsly quiescent tuberculosis following genei’alized cytocidal therapy such 
as As"® and nitrogen mixstard in the treatment of leucemias and lymphomas."" 

Chronic Lymphatic Leucemia . — ^Fonr patients wei-e treated with fairly 
adequate amounts of As"®. Only one (Case 16) was previously untreated. He 
was in a severe mental depression and failed to respond to therapy. Two pa- 
tients (Cases 17 and IS), each of whom had been subjected to extensive x-ray 
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therapy in the past, succumbed to complicating diseases. A spectacular result 
was obtained in the last patient (Case 19) since an intractable anemia was re- 
lieved and massive Ijnnphadenopathy and splenomegaly were decreased 
(Fig. 3). 

Our resiilts, in general, arc not as favorable as tliose reported after 
x-ray'®’ or P®^'' nitrogen mustard,' urethane®' or Na®‘.” Particularly dis- 
couraging was the complete failure in the patient, Case 16, who was previously 
untreated. However, Reinhard' has encountered a similar result after P®®, 
as we have after nitrogen mustard.®' The response of Case 19, who had re- 
mained severely anemic in spite of massive transfusions and several types 
of therapy, was most encouraging since this is the type of case which is no- 
toriously difficult to manage. 

Polycythemia Ruhra Vera. — The response of Case 20 was fairly satisfactory 
and also was qualitatively similar to that deseidbcd after =• ®3 However, 
much longer remissiojis are not at all unusual after P'® so that As'“ lias little to 
offer that is superior to the results already achieved by P®®. Another patient 
was treated with a total of 2.4 me. of As" and phlebotomies. Since this 
amount of As'® is too small to Im effective, the brief remission probably was 
due to the phlebotomies. 

Mnltiyle Myeloma. — This disease is almost always characterized by a rapidly 
pi’ogressive downhill course with unrelenting pain in untreated cases, al- 
though occasional chronic cases such as Case 21 have been recognized.®'* Re- 
missions similar in extent to that experienced in Case 22 have been reported 
after urethane®® and Stilbamidine.®®’ ®' 

Mycosis Fungoidcs. — In many respects the therapeutic results in this dis- 
ease are similar to those achieved in Hodgkin’s disease. In Case 23, treated 
four months before death, it was quite clear that the skin and pulmonary le- 
sions were still in part amenable to local x-ray therapy after they had failed 
to respond to As'® or nitrogen mustard. 

Metastatic Carcinoma. — The results in Case 24, in which the patient had 
a carcinoma of the stomach, are difficult to interpret. Carcinoma of the stomach 
may occasionally give rise to masses that respond to x-ray therapj’' by a de- 
crease in size as did this patient’s liver metastases. There was little else in 
the patient’s course to .suggest that As'® would prove curative or even bene- 
ficial in carcinoma of the stomach. 


DISCUSSION 

It appears, therefore, that As'® resembles numerous other therapeutic 
agents such as x-ray, urethane, nitrogen mustard, radiophosphorus, radio- 
sodium, and Fowler’s solution in that it is capable of producing a remission 
in certain of the more chronic and benign tumors of the hematopoietic tissues 
and that it is not a cure for these diseases. The more acute forms of these 
diseases, with the possible exception of subacute leucemia, do not seem particu- 
larly amenable to As'® therapy. 

In evaluating the clinical usefulness of As'® one is forced to consider 
whether it is more effective than previously used materials in producing a re- 
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mission, whctlicr it will produce a remission where other agents have failed, 
and whether the advantages, if any, are sufficiently great to warrant using 
a substance that is so difiicuU and expensive to prepare and so dangerous 
to handle, Unfortnimtely, because of numerous factors, such as intercurrent 
disease, vari.itions in the clinical course of patients with the same disease, 
duration of disease, previous therapy, supplemental therapy, and rest and 
psychifl factors, it is very difficult to compare any series of patients. One 
cannot hut he impressed hy the occasional patient who responds to therapy 
in a manner that is entirely unexpected and inconsistent with the usual re- 
sponse characteristic of patients with that disease. 

Tile criteria for evaluating a clinicai remission are not similar. For e.x- 
ample, depression of the white eonnt has frequently been used as a means of 
estimating the response to therapy. Howcvei-, particularly in acute leueemia 
and the tenninal stages of ehrouie leueemia, the height of the white count may 
hear no relation to such response. In this study we have foUowert the blood 
counts carefully and have noted a depression of the white count varying from 
20 per cent to 80 per cent of the pretveatment fignve in almost every patient 
treated without an invariable improvement in the clinical condition of the pa- 
tient. Consequently the white counts have not been reported in detail. There 
has been no marked tendency of the peripheral blood differential eonnt to re- 
turn to normal following treatment except in a few eases of chronic myel- 
ogenous leueemia. An alleviation of the anemia is generally acceptable as an 
indication of a good therapeutic response. Since practically every one of the 
patients in this study received numerous transfusions, this criterion was 
rendered unreliable. 

In general, wo have felt that the ability of the patient to live a more com- 
fortable and more visefnl life was the best indication of a response to therapy. 

On this basis our results seem to have been unusually good in a single 
case of chronic lympliatio leueemia eharactei-izcd by severe anemia, possibly 
favorable in subacute lymphatic leueemia, and worthy of. further evaluation 
in multiple myeloma. In the other diseases treated the recognized agents such 
as x-ray, P’q urethane, and nitrogen mustard, which are more readily avail- 
able, less expensive, and less hazardous, will give similar if not superior 
clinical results. 

It is of importance to note that we have not y-et attained a maximum safe 
clinical dosage level of As” nor have we fully explored the comhination of 
stable and radioarsenio or the effect of repeated small doses of As”. It is 
possible that when these are attained a better clinical response may he achje%-ed. 
However, the problems of handling the amounts of As” we have u-sed are so 
great that it hardly seems practical or worth while to attempt to use larger 
quantities of As’“ on the basis of the response of the patients in this study. 

■CONCLUSIONS 

1. Twenty-four patients with tumors of the hematopoietic ti.ssues, two with 
polycythemia rubra vera, and one with metastatic carcinoma have been treated 
with intravenous injections of radioarsenic (As”). 
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2. This ratlioisotope, under the conditions used in this study, appears to 
offer no advantages over the types of therapy alreadj" in use for these con- 
ditions. 

AVe wish to thank Sir. Howard Ducoff and Sir. Roljcrt L. Strauijo of the Argonne 
National Laboratory for their cooperation in the preparation of tlie As"'' used in this study. 

REFERENCES 

1. Straube, R. L., Neal, AV. B., Jr., Kelly, T., and Uucoff, II. S. : Biological Studie.s AA'^ith 

Arsenic'fi. I. Preparation of ArseniciK by Pile Irradiation of C.aeodylie Acid, Proe. 
Soe. Expor. Biol. & Sled. 69: 270, 194S. 

2. Ducoff, H. .S., Neal, AA". B,, .fr., Straube, R. L., Jacobson, L. 0., and Briies, A. SI.: 

Biological Studies AA'ith Arsenic™. II. Excretion and Tissue Localization, Proc. 
Soc. Exper. Biol. & Sled. 69: 54S, 1948. 

3. Patterson, E., Thomas, SI. I. R., Haddow, A., and AA’ntkinson, ,T. SL: A Further Report 

on the Action of Urethane in Leukemia, in: Approaches to Tumor Chemotherapy, 
Lancaster, Pa., 1947, Science Press Printing Company. 

4. Reinhard, E., Sloore, G. A’., Bierbaum, O., and Slooro, S.: Radioactive Phosphorus ns 

a Therapeutic Agent: A Review of the Literature and Analysis of the Re.suUs 
of Treatment of 155 Patients AA'ith A'anous Blood Dysernsias, Lymphomas, and 
Other Slalignant Neoplastic ISisease.s, .1. Lab. &- Cun. SIeo. 31; 10’7, 1940. 

5. Hall, B. E., and AA^atkins, G. H. : Radiophosphorus AA’ith Treatment of Blood Dyscrasias, 

Sled. Clin. North America 31; 810, 1947. 

0. Jacobson, L. O., Spurr, C. L., Barron, E. 8. Guzman, Sn ’ ' ' ' C., and 

Dick, G.: Studies on the Effect of Alethyl-bis ■ ' Hydro- 
chloride on Neoplastic Diseases and Allied Disorde Svkem, 

J. A. SL A, 132: 263, 1946. 

7. Spurr, C. L., .lacobson, L. O. Smith, T. R., and Barron, E. S. Guzman: The Clinical 

Application of Slethyl-bis (/1-ehlorocthyl) Amine Hydrochloride to the Treatment 
of Lymphomas and Allied Dy.serasias, in: Approaches to Tumor Chemotherapy, 
Lancaster, Pa., 1947, Science Press Printing Company. 

8. Karnofskv, I). A.: Chemotherapv of Slalignant Disease. III. Clinical Re.sults, New 

England J. Sled. 239: 299, 1948. 

9. AA'introbe, SI. SL, SIcLennon, SL T., and Huguley, C. SL, Jr.: Clinical E.xperienco AA’ith 

Nitrogen Slustard Therapy, in: Approaches to Tumor Chemotherapy, Lancaster, 
Pa., 1947, Science Press Printing Company. 

10. AA'introbe, SL SI.: Clinical Hematology, ed. 2, Philadelphia, 1946, Lea and Febiger. 

11. Farber, S.: .Some Observations on the Effect of Folic Acid Antagonists on Acute 

Leukemias and Other Forms of Incurable Cancer, Blood 4: 160, 1949. 

12. Damashek, AA’.: 'fhe Xkso of Folic Acid Antagonists in the Treatment of Acute and 

Subacute Leukemia. A Preliminary Statement, Blood 4: 169, 1949. 

13. Goodman, L. S., AA’introbe, SI. SL, SIcLennon, SI. T., Damashek, AA'., Goodman, SL J., and 

Gilman, A.: Use of SIcthyl Bis ( p-chlorocthyl ) Amine Hydrochloride and Tris 
(/J-chloroethyl ) Amine Hydrochloride (“Nitrogen Slustnrds’’) in the Therapy of 
Hodgkin ’s Disease, Lymphosarcoma, Leukemia and Certain Allied and I.Iiscellaneous 
Disorders, in: Approaches to Tumor Chemotherniiy, Lancaster, Pa., 1947, Science 
Press Printing Company. 

14. Evans, T. C., Lenz, SI., Donlau, C. P., and LcSIay, SI. J. : Effects of Radioactive Sodium 

on Leukemia and Allied Diseases, Am. J. Roentgenol. 59: 469, 1948. 

13. Slinot, G. B., Buckman, T. E., and Isaacs, R.: Chronic Slyelogenous Leukemia. Age 
Incidence, Duration and Benefit Derived Prom Irradiation, J. A. St. A. 82: 1489, 
1924. 

16. AA'introbe, SI. SL, and Hascnbuch, L. L.: Chronic Leukemia. The Early Phase of 

Chronic Leukemia, the Results of Treatment and the Effects of Complicating 
Infections; A Study of Eighty-six Adults, Arch. Int. Sled. 64: 701, 1939. 

17. Patterson, E., Haddow, A., Thomas, SI. I. R., and AA’atkinson, J. SL: Leukemia Treated 

AA'ith Urethane Compared AVith Deep X-ray Therapy, Lancet 1: 677, 1946. 

18. Lawrence, .1. H., Dobson, R. L., Low-Beer, B. A'. A., and Brown, B. R.: Chronic 

Slyelogenous Leukemia. A Study of 129 Cases in AA'hich Treatment AA’as AVith 
Radioactive Phosphorus, ,T. A. SI. A. 136: 672, 1948. 

19. Hirschbocck, J. S., Lindert, SI. C. P., Chase, J., and Calvy, T. L.: Effects of Urethane 

in the Treatment of Leukemia and Sletastatic Tumors, .1. A, SI. A. 136: 90, 1948. 

20. Forkner, C. E., and Scott, T. F. SL; Arsenic as a Therapeutic Agent in Chronic Slyelog- 

enous Leukemia, J. A. SL A. 97: 3, 1931. 

21. Block, SL, and Jacobson, L. 0.: Unpublished data. 



BIOLOGIC STUDIES WITH ARSEXIC**’ 


1375 


Minot, («. B., and Isaacs, B.: Bymplmtic Leukemia; A^e Incidence, T)uiation and 
Benefit Derived From Irradiation, Boston M. & S. .1. 191: I, 1924. 

23. Jacobson, L. O., and Smith, T. R.: The Evaluation of the Present Forms of Treatment 

of Polycythemia Rubra Vera, Am. Prnc. 3: 207, 1949, 

24. Bavrd, E. I)., and Heck, F. S.: Multiple AI\eloinu. A Rovimv of .S.3 Proved Cases, 

J. A. M. A. 133: 147, 1947. 

25. Lofje, .r. P., and Rtindlea, R. W.: Uretliniie (Ethvl Carbonate) Therapv in Aliiltiple 

Myeloma, Blood 4: 201, 1949. 

20, Snapper, I.: Stilliamidinc and Pentamidine in Multiple ilveloma, J. A. M. A. 133: 
157, 1947. 

27. Snapjier, I.: Innucncc of 2-Hvdroxj-Stilbamidine on the Course of Multiple Myeloma, 
J. Mt. Sinai IIosp. 16: 15G, 1948. 



THE USB OF RADIOACTIVE SILVER FOR THE DETECTION OP 
ABSCESSES AND TUMORS 


I. The Concentration op Ag’” in Spontaneous and Experimentally 

Induced Abscesses 


Harold D. West, Ph.D., Alfonso P. Johnson, M.S., and 
Charles W. Johnson, IM.S. 

Nashville, Tenn. 

I N A recent communication from this laboratory’ it was pointed out that tracer 
doses of the long half-life silver isotope, Ag’"®’ (half-life 225 days) could 
be caused to concentrate at particular localities in the bodies of albino rats by 
the simple expedient of inducing infection (experimentally) in the form of 
abscesses. It also appeared that the radioactive isotope concentrated itself in 
areas of spontaneous infection. It seems possible that if the short half-life radio- 
silver isotope, Ag’“ (half-life 7.5 days) could be concentrated at or near the 
site of a lesion in sufficient amounts it might prove of value in therapj- of tumors 
in human beings. 

It is clear that if radiosilver can be caused to concentrate in abscesses in- 
duced Ijy injection of a suspension of bactei’ia, or in areas of spontaneous infec- 
tion, the procedure may become a very valuable metlmcl for the detection or 
location of hidden or obscure abscesses. The existence of the 8.2 day half-life 
Ag’”'’ and the newly developed, highly sensitive, directional Geiger-Miiller coun- 
tei's make tlie procedure ideal as a tool for diagnosis in the patient with an 
obscure focus of infection.*’ 

In the part which follows it will be shown that the Ag’” behaves similarly 
to the Ag’“®’ (as would be expected from the electron configurations), viz., 
it concentrates in spontaneously or experimentally induced infected areas. The 
directional Geiger-Miiller counter was not used in these experiments with Ag’". 
It was necessary to conduct the assay through actual ashing of the tissues and 
chemical isolation of the radiosilver. 

experimental 

The Agiii was separated from the irradiated palladium target obtained from the 
pile at Oak Bidge by a procedure developed in the Cancer Eesearch Laboratory of this 
Institution by Houser and Hahn.2 

The test organism used was a strain of Streptocoeexts liemolyiicus isolated from the 
throat of a hospital patient. The organism was used after sixteen hours of incubation in 
proteose peptone broth at Z7° C. One tenth of a milliliter of the undiluted culture was 
injected into the right legs of albino rats and forty-eight hours later 0.5 milliliter of 

From the Departments of Biochemistrj- and Bacteriology, Meiiany Medical College. 
Received for publication, July 11, 1949. 

'The Ag"” isotope is tlie isotope of choice for this purpose since it produces gamma ray.s 
and, unlike Ak'“ whicli Is a pure 3-ray emitter, should he amenable to external smvey. Pure 
3-rav emitters are useless for this purpose since their particles travel only short distance.s. 
The CCo-day half-life isotope, Agn’'- while it emits gamma rays and thus would be detectable 
in external surveys, is excluded tor this purpose on account of the danger of prolonged irra- 
diation resulting from Its long half-life. This would be particularly hazardous it for some reason 
the isotope is not promptly excreted. On the other hand, Ag’® has a relatively short half-life 
of 8.2 days. 


1376 



UADIOACTIVK ijILVKK FOR llirTECTlON OF ABSCKf^SES AND TUMOHS 1377 


AgiJi in the form of tlio nitrate wns injecteil either into the !»ninc lofi or into the loft one. 
Three days after injection of the isotope the iinimak were sacrificed and the hitlnej’s, 
livers, lungs, hearts, and testes or ovftTiPj* were ashed and the silver was isolated and 
subjected to radionssay as deKecibe<\ ptcvionsly.'^ The tesuUs with five animals are given 
in Tnble I. I'ach tissue was subjected to hacteriologte examination before assay. 


Tabli: I. DiSTBinuTiON of Aom in YAmouJt Tissues 72 Hours Foi.lowing Its Injection 
IN Left or Right Leg in the Presence or Absence or Infection ExrERiME.vTALLY 
Inouceo in the Lf.ft Leo 

(DqSF.: 0.5 C.C. WITH 3.fi2 X 10* counts I'ER MINITTR) 


rat i 

RIGHT 
LEG i 

left ; 

T,EO 1 

i 

IIIDNEY i 


LUNG 

! HEART 

1 TESTES i 
i OR j 
; OVARY 1 

RIGHT 

LEG 

j LEFT 
LEG 

1 


I^otope 

Organism 

310 


85 

55 

780* 

1,220 

2,620 

" 


Isotope 

Organism 

400 

862 

75 

40 

18 


3,220 

3 

Isotope 

Organism 

402 

1,690* 

01 




4,000 

4 

Isotope 

Organism 

472 

1.261 

97 

49 

27 


3,221 



Isotope 

472 

1.007 

KH 

52 

23 

1,262 

1.415 


•BacterloloKic test po.*iUive, tnclIcattnR Infection. 


It was of interest that the concentrations of rndiosilvcr were uniformly high in livers. 
To confirm this ob'‘crvation, throe additional animals were given injections of Ag»ti alone 
and the concentrations of the isotope in kidney, liver, lung, heart, and tc.*tes or ovaries 
were determined. The results arc shown in Tnble 11 where it is to be seen again that 
the livers have a uniformly high count. 


Table II. Distribution of Ar.”t in Variour Tirsues 72 Hours After Its Injection Into 

Right Leo 



1 RAinOSn.VER INJEI'TED INTO RIGHT LEO ( 

UVU'NTS PER 

MIN.) 

RAT i 


LWER j 

LUNG ! 

HEART 1 


1 

3.88 

1,031 

41 

0 

0 

2 

381 

924 

51 

0 

0 

3 

Control 

sample 

403 

30,147 

964 

55 

0 

0 


An additional three animals were studied for normal distribution of the isotope. In 
this instance the studies were extended to include as much of the muscle, bone, and blood 
as could be obtained and the feces and urine were collected. The stomivchs and intestines 
were assayed together as well as the major portion of the skin. The heads and tails were 
not studied. The results are shown in Table III. Rat 1 must not be compared with Eats 
2 and 3 since a massive infected area was found in the left leg (right leg injected with 
Agiii). The predominating organism in this infected organ was a strain of Str. hemolytiew. 
The tissue placed under the Geiger-Muller tube for radioassay was found to be highly 
radioactive. 

DISCUSSION OP RESULTS 

The experimental findings given in Table I indicate, in line with our previ- 
ous results with the 225-day half-life isotoiic, that Ag^” also concentrates in tlie 
tissue with the experimentally induced abscess. They demonstrate also that this 
will occur even if the isotope is injected into an organ quite remote from the 
focus of infection. The result with Rat 1, Table III, was extremely fortunate, 
though unexpected. The radiosilver ivas injected into the right leg. When the 
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Table III. Distribution op Aom in Tissues of the Animal Bony and Kecoveky After 

72 Hours 

(Heads and Tails Not Studied. Bat 1 Was Found to Have a Massive 
Infected Area in the Left Leg) 


TISSUE 

RAT 1 1 

(rOUNTS/MIN.) 1 

RAT 2 

(UOUNT.S/MIN.) 

RAT 3 

(('0UNT!3/M1N.) 

Liver 

6a 

72 

82 

Lungs 

11 



Kidney 

26 



Skin 


8 

11 

Bone 


10 

7 

Muscle 

5,179 

122 

130 

Feces 

S79 

5,7(33 

5,970 

Urine 




Blood 

39 

22 

30 

Testes or ovaries 




Intestine and stomach 

29 

114 

122 

Heart 


35 

21 

Per cent recovery 

78.03 

85.14 

88.36 

Control sample 
(count.s/min.) 

7,981 

7,212 

7,212 


animal was sacrificed a massive infection of the left leg was discovered. The 
high count in the muscle fraction for this animal was chiefly due to the silver 
concentrated in this area. This result emphasizes the probable value of the 
method, if employed, for detection of obscure or bidden abscesses. 

The uniformly relatively high count in the livers of the animals studied 
deserves some comment. The counts in the infected tissue are some three to 
four times as great as those seen in the livers and thus would hardly he cause 
for confusion in the search for a focus of infection. These relatively high counts 
after three days are apimrently related to excretion of the silver. The high 
counts seen in the feces, the alisence of silver from the mine, and the relatively 
high values for liver lead to the conclusion that tracer doses of radiosilver are 
excreted by the liver, presumably by way of the bile, into the intestines and 
excreted in the feces.' These results confirm those of Scott^ recently available 
from the Atomic Energy Commission. 

Previous attempts to develop piocedures for the detection of abscesses liave 
been made by Kroll, Strauss, and Necheles''’ ® and Strauss, Neuwelt, Rovner, 
and Necheles."* In a recent puhlication” these authors suggest the use of the 
his-azo dye, disodium-l-amino-8-hydroxy-naphthalene-3,6-disulfonate (H-acid) 
monohrominated with radioactive bromine for localization in experimentally in- 
duced abscesses in dogs. The preliminaiy experimental I’esults reported Iiere 
would .suggest that the employment of radiosilvei’ nitrate in tracer doses may he 
a more simple procedure. 

These studies are being extended to animals with the turpentine sterile 
abscess and with tumors. 


CONCLUSION.S 

1. The I'adioactive Ag'" isotope concentrates in areas of infection. 

2. This isotope is excreted by the liver into the intestine presumably by 
way of the bile and the feces. 
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3. Since both Ag’"*- and Ag”’ concentrate in areas of experimentally 
induced and spontaneous infections, it is to be expected that other silver isotopes 
such as Ag,’’"^ for example, would behave similarly. Since Ag’"'’ has a short 
lialf-lifc (8.2 days) and also emits gamma rays and is thus amenable to external 
survey, it is suggested tliat it might prove to be of value as a tool for the detec- 
tion of obscure foci of infection in the animal body. 

Tlie senior author wishes to express his gratitude to Dr. P. F. Hahn of the Cancer 
Research Laboratories of this College for his nsststnnce in the initiation of the program 
of isotope research. 
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THE MINIMAL SODIUM DIET: A CONTBOLLED STUDY OP ITS 
EFFECT UPON THE BLOOD PRESSURE OF AMBULATORY 
HYPERTENSIVE SUBJECa’S 

Milton Landowne, 3I.D.,^' ^Y alter S. Thompson, Jr., M.D.,f and 
Barbara Ruby, B.S, 

Chicago, III. 

INTRODUCTION 

D espite the extensive studies on the place of diet low in sodium chloride in 
the therapy of hj-pertensiou,''" there is as yet no complete agreement as to 
the efficacy or explanation of this therapy. Recent re-examination of this sub- 
ject might lead one to the conclusion that the administration of diets which 
are low in sodium is sometimes attended by a reduction in blood pressure.'' ’’’ ® 
This, it has been claimed,'’ ” is a reason for the success” of the rice diet therapy. 
Dietary restriction of sodium (including the rice diet) has again become wide- 
.spread and is generally being applied in clinical practice without adequate con- 
trol. Several carefully controlled studies have dealt with patients in the hos- 
pital after they have reached a stabilized, or nearly stabilized, blood pressure 
level and in whom a period of sodium restriction has then been alternated with 
a period of more normal sodium intake.”' ” Prom these studies has come the 
observation that in some patients a fall in blood pressure may occur during a 
period of severe sodium restriction, but that this fall may be slight and may 
occur onty when the twenty-four hour intake of sodium is kept extremely low. 

It is not satisfactory to carry over the results of these studies by attempt- 
ing to apply them generally to the clinical treatment of hypertension. First 
of all, a hospital environment is not the usual enHronment for a human being. 
The factors which may relate to the maintenance (and perhaps the establish- 
ment) of hypertension are considerably modified by the simple fact of being in a 
hospital as a patient. Therefore, a form of therapy which is ineffective or rela- 
tively ineffective in the hospital might conceivably be more effective when the 
patient is under ‘ ‘ normal ’ ’ living conditions. 

Second, it is possible that severe sodium resti'iction might serve to reduce 
blood pressure in the hypertensi’s’e patient only under certain circumstances. 
For instance, sodium restriction may be unable to further lower a blood pressure 
that has come down under influence of other factors to a minimum or “base 
line.” If the patient had been treated at a higher level of blood pressure than 
this “base line,” an effect might have been noted, even though tlie therapy is 
ineffective in lowering the “floor” of blood pres.sure. 

From the Department of Medicine, University of Chicago. 

Aided hy .a grant from the David Lilicnthal Fund for Research in Hypertension and 
tlio Douglas Smith Foundation. 

Received for publication, Juiy 5. 1919. 

•Present addre.ss; Cardiova-scular Research Unit, Veterans Administration Hospital, 
IVasliington, D. C. 

tPresent address: 1136 West Sixth Street, Los Angeles, Calif. 
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Most important of all, the administration of a diet which is rigidly 
restricted in any factor may influence the habits and reactions of the patient 
quite profoundly. In this manner it may produce physiologic changes unre- 
lated to the removal of the particular agent under study. In order to control 
this most prominent feature of dielotherapy it is mandatory to administer a diet 
identical to tlie experimental diet in every way, except for the factor under 
study. ^Moreover, this must he done in such a way tliat the subject remains 
unaware of the difference. In addition, in any .study where the interests, 
empliasi.s, or hin.s of the inve.stigator might modify the rc.sults, he, too, should not 
know whetlicr his ohservations relate to the experimental or the control period. 

Two recent studios have been reported on the cfTcct of rigid sodium restric- 
tion upon ambulatoiy patients in which favorable rc.sults arc claimed/’ ® These 
reports do not include controls, cither of tlic diet in terms of the degree to which 
the diet was followed or of the factors in the treatment, other than lack of 
sodium, which might he responsible for the results. 

PLAN OP STUDY 

For tlicso reasons a controlled study was planned in wlneli all patients would be 
placed uj)on the ."anio dietary regimen— one which would be rigidly ro'itricted in sodium 
content to less than 300 mg. of sodium per day. The experiment was divided into throe 
pcriod.s of six ^\echs« eaeh. Schedules were prepared for twenty-four patients covering the 
ndmini.stratiou of either sodium chloride,* 4 Gm. per day, or an identically designed lactose 
jireparation* to these patients during the throe experimental periods. (A construction based 
upon three periods was chosen to make it impossible to be certain i\hether the medication was 
being changed or not at the conclusion of any one period.) Of the eight different combina- 
tions of periods possible, tliosc four wore selected: 1. Lactose, .sodium, laeto.se; 2. sodium, 
lactose, lactose; 3. lncto«o, lactose, sodium; 4. sodium, lactose, sodium. 

A schedule ^^as selected ia random fashion by the pharmacistt and assigned to each 
patient, the medication to bo issued from the pharmacy according to this schedule and \Yith- 
out knowledge of the patient or the clinic personnel. Although occasionally a patient had 
gastrointestinal distress uhich might suggest that he was receiving sodium chloride, in the 
main there was no indication as to which medication uas being taken. 

Tlio subject was seen throughout by the same investigator, who, following a uniform 
technique each week, recorded the blood pressure on one particular arm after the patient 
had rested in the recumbent position for at least five minutes, averaging two or three deter- 
minations. The recommended technique for blood pressure mensuiemcnt was folloived.^^J 

Adhering to the diet as planned was not an easy task. As a practical check, twenty-four 
hour urine samples wore collected usually once a week for sodium analysis, with creatinine 
analysis to establish the completeness of the sample. While urinary sodium will not parallel 
dietary sodium during retention, m diuresis or other state of negative sodium balance, the 
length of the observational periods makes it unlikely that any significant storage or loss could 
occur and not be reflected by weight change. 

Tlie technician alone had access to the records of medication. Accordingly, if the sodium 
excretion exceeded the estimated intake, the doctor and dietician could be so informed. The 
checking procedure resulted in some delay and this explains why a number of patients were 
permitted to continue the experiment although their sodium intake was so liigli that they 

•These were initially provided as erclattn capsules containing 0.5 Gm through the 
courtesy of Dr. L. E. JQ.s.«eIyn and the Abbott Laboratories, North Chicago, 111 Subsequently, 
.specially coated, sealed tablets were used, obtained through the courtesy of Dr. K. G. 
Kolilstacdt and Eli Lilly & Company, Indianapolis. Ind. 

•f\Ve are gieatly Indebted for the able cooperation of Mrs. JI. L. Kettering and her 


staff. 
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cannot now be considered to have been on a rigid sodium restriction. While some patients will 
follow the diet with precision and have no difficulty in maintaining a urinary twenty-four 
hour sodium well below 300 mg., other patients cannot be made to understand, or do not want 
to accept, the limitation of a diet so constructed. 

Selection of Diets . — The diets were individually prescribed after interview. They at- 
tempted to meet the doctor’s prescription as to caloric level tmaintenance was desired) and 
as to protein content (usually as high ns the patient would accept), to consider the patient’s 
tastes, and still to have tlie calculated sodium content below 300 milligrams. A commercial 
preparation of salt-depleted reconstituted milk* was employed where indicated. Commercial 
salt substitutes were permitted if they contained no sodium! Iron and vitamin deficiencies 
were corrected by medication where necessary. Water was allowed ad libitum, the sodium 
content being known or determined to be insignificant. In several instances “holidaj’s” 
were permitted for Christmas or New Year’s Daj'. Although these were followed by a mer- 
curial diuretic and when necessary an additional urinarj' collection, relaxation to this degree 
was a mistake, at least in the handling of the experiment. We did feel at the time that it 
kept the cooperation of the subject. We were aware of the variation in sodium content of 
foods according to selection and preparation, as well a.s differences in values cited by dif- 
ferent authorities.ir, is 

Selection of Patients. — tTwenty-four jiatients were selected on the basi,s of the e.x- 
istence of definite diastolic hypertension (above 90 ram. Hg) after several Clinic visits. 
More than half of the patients had long records of previous attendance at the Clinic. A group 
was chosen who expressed themselves as willing to follow the procedure with the understand- 
ing tliat they were participants in an experimental study. Since the experiment contained its 
own inherent control it was not thought necessai'y to o.bserve these patients for any period on 
a normal diet prior to placing them on the experimental regime. In addition, a type of in- 
complete control was available in the records of tho.se patient.s who had been attending the 
clinic previously, but in these cases blood pressures were not taken always in the .same manner 
or by the same observer. A second type of control was offered in the several patients in whom 
diet was begun before the "special” medication was available, and these patients, therefore, 
had a period of sodium restriction during which time they were not given medication. In 
one or two instances after the experiment was completed and it was determined that the 
patient had not followed the diet correctly, a final experimental period was added during which 
no "special” medication was given and the patient was observed on the salt restriction alone. 
The ages of the patients were between 28 and 70. Nine were men. The etiology of hyper- 
tension was considered to be known in two cases, one of glomerulonephritis and one of 
pyelonephritis with nephrolithiasis. Two patients previously had undergone sympathectomy. 
None of the patients were in congestive heart failure, renal insufficiency, showed hypopro- 
teinemia or lowered serum sodium or chloride concentrations, or had visible edema. Of the 
twenty-four subjects selected, twenty-one continued the stud}- for at least two experimental 
periods and twentj' of these for at least three periods. In some instances repeated determina- 
tions were made of the heart size by roentgenogram, the electrocardiogram, blood volume, 
and thiocyanate available space; but not enough information was obtained over the short 
period of this study to warrant any attempt at analysis. Other forms of medication which 
did not augment sodium intake (digitalis, phenobarbital, thiocyanate) were either discon- 
tinued at the outset, or continued unchanged during experimental and control period.s. 

RESULTS 

The entries, representing the avei-age of the blood pressures recorded at 
each visit, were averaged for each experimental period. The values obtained are 
considered to represent the blood pre.ssure for the subject under the conditions 

•Generous supplies of Lonalac were made available bj' Dr. C. E. Bills of Mead John- 
son & Company, Evansville, Ind. 

tNeocurtesaU Winthrop Chemical Company, Inc., New York. N. Y. ; K-Salt, Chicago 
Dietetic Supply Co., Chicago, 111. 

tDr. A. S. Alving and Dr. R. M. Becker referred several of the patients used in 
this study. 
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of tlic experiment. (If, as lias been claimed, an effect of sodium restriction 
may not appear for some time after the restriction of diet, and may persist after 
discontinuance of the regime, then the averages thus taken will diminish tlie 
apparent effect.) 

As a first analysis tlie blood ])ressurcs were avcrap:cd for all lactose periods 
for eacli patient and compared wth the blood pressure olitaincd during the 
period or periods wlion sodium chloride was given. This construction assumes 
that the experiment was carried out as it had been iilanned originally. An 
analysis of tlie diastolic pressures according to this grouping fails to reveal any 
significant differences between intended experimental and intended control 
periods in the group as a whole. The subjects were tlicn reclassified according 
to the results of the averaged twenty-four hour urinary sodium assay. It is 
recognized that a single twenty-four hour urinary collection may not leprcsent 
the average of the excretion of sodium for a seven-day period, but by the same 
criterion the observations of blood pressure made one day in the week and only 
during one part of the day do not necessarily rcjiresent the average blood 
pressure of that patient over the entire week. 'With this realization, the experi- 
mental periods have been arranged under three headings. Where the twenty- 
four hour urinary .sodium samples averaged less than 0.5 Gm. during a period, 
the patient was considered to have been on rigid sodium restriction (A). When 
the average of the samples of twenty-four hour urinary sodium was greater 
than 0.5 Gm. but less than 1.05 Oiii., the degree of sodium intake was censidered 
to have been intermediate (B). When the twenty-four hour sodium samples 
averaged 1.05 grams or more, the sodium intake was not considered restricted 
(C). On this basis, only nine patients were ob.servcd to have actually main- 
tained a rigid restriction for at least one complete jioriod on an average basis. 
Two of these patients were on the restricted diet for two periods apiece. One 
patient was carried for only two periods and during both of these was on a 
restricted sodium intake. 

There emerges, therefore, a group of eight patients who were under severe 
sodium restriction for at least one period and by comparison had nt least one 
jieriod of intermediate or relatively unrestricted intake of sodium. Table I 
indicates the average blood pre.s.sure during the experimental and the coiiti'ol 
periods for each of these subjects together with the experimental difference 
])roduced by the substitution of sodium chloride foi* lactose. The observed 
mean change in diastolic ])ressurc w^as -4.7 min. of mercury with a standard 
deviation of 7.G. The mean difference between the average of systolic 
pre.ssures was -8.7 mm. of mercury with a standard deviation of 10.1 

It may be argued that these differences arc entirely due to chance As a 
test of the adequacy of our method of sampling blood pressures, the observa- 
tions on twenty-one patients used in this study may be einjiloyed. AVliile only 
eight of the group had been suitable to compare in experimental and contiol 
situations, twenty-one of tlie subjects had been followed for at least two like 
periods. These may have been periods each of low sodium exci-etion, or periods 
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I’ABRE I. AVEKAGES OF BEOOI) PrESSUUES TaKF.N DUHING CONTRASTiXG SOiGUM jRESTiliCTiON 

Periods (During Periods A the Average Sorauii Excretion Was Bedow 0.5 Gm./24 
HR. During B xVNd C It Was Greater) 



systolic (mm. 

HG) 

DIASTOLIC (MM. 

no) 

NIJMBKn OK ENTHIES 


A 

B OR C 1 

DIFP. 

A 

B or C 1 

DIFF. 

1st 

2nd 

Sc. 

139.7 

161.8 

22.2 

85,2 

91.2 

9.0 

6 

11 

Bu. 

221.2 

216.3 

-7.9 

113.7 


-8.0 

13 

6 

Br. 

18.3.1 

198.3 

15.1 

93.0 

93.6 

1.6 

7 

7 

Ca. 

173.-i 

178.1 

1.9 

99.3 

102.1 

2.8 

7 

11 

Ti. 

179..3 

187.5 

8.1 


112.7 

5.4 

6 

13 

Li. 

161.6 

177.8 

13.2 

99.0 

106.3 

7.3 

5 

21 

La. 

163.5 

179.8 

16.2 



18,5 

2 

8 

Jla 

160.1 

158.3 

-2.1 

SS.l 

89.7 

1.3 

5 

6 

A%’erage 

s.d. 

173.5 

182.3 

8.7 

±10.1 

96.9 

101.7 

4.7 

±7.0 

0.4 

10.1 


of intermediate or unrestricted sodium exei'ction. Studj' of these twenty-one 
pairs (Table II) indicates that two conseentivc periods on a like regimen of 
sodium intake were associated with an average recorded difference in blood 
pressure averaging 0.6 mm. of mercury diastolic and 1.1 mm. of mercury 
systolic. Considei-able variation in the differences oliserved between like 
periods in each subject was noted here and also was iircsent in the eight .sub- 
jects comprising the experimental gi-oup. 


Table II. Averages of Blood Pressures Taken During Like Periods of Sodium E.xcretion 



SYSTOLIC (MM. 

HO.) 1 

1 DIASTOLIC (MM. 

HG.) 

iNUMBER OP entries 

SUBJECT 

1 1st I 

2nd 

1 DIFP. 

1 1st I 

2nd 

1 DIFP. 

1 1st I 

2nd 

Se. 

156.8 

104.7 

7.9 

92.8 

95.0 

2.3 

4 

7 

Bu. 

219.3 

230.0 

10.7 

114.4 

112.8 

_ 1.6 

7 

6 

Br. 

177.2 

198.3 

21.1 

87.3 

93.6 

6.2 

6 

7 

Ca. 

178.6 

178.0 

- 0.0 

101.9 

102.5 

0.6 

7 

4 

Ti. 

198.3 

184.2 

-14.1 

320.0 

110.5 

- 9.5 

3 

10 

Li. 

176.9 

1S2.0 

5.1 

107.4 

100.7 

- 0.7 

7 

7 

La. 

183.0 

174.3 

- 8.7 

113.0 

102.3 

-10.7 

5 

3 

JIa. 

156.5 

162.0 

5.5 

87.0 

95.0 

8.0 

4 

2 

Siv. 

193.1 

194.8 

1.7 

110.6 

113.8 

3.3 

7 

6 

Me. 

209.4 

213.5 

4.1 

110.0 

110.6 

0.6 

5 

8 

LI. 

223.3 

228.2 

4.9 

128.1 

128.2 

0.0 

S 

6 

Gap. 

151.8 

147.7 

- 4.1 

79.2 

78.8 

- 0.4 

0 

6 

Ho. 

173.3 

172.2 

_ 1.1 

99.2 

96.2 

- 3.0 

6 

6 

Ko. 

142.0 

139.3 

- 2.7 

96.8 

100.3 

3.5 

5 

6 

Ce. 

205.3 

208.0 

2.7 

112.8 

106.0 

- 6.2 

6 

0 

Pe. 

206.5 

207.4 

0.9 

112.3 

111.3 

- 1.0 

6 

7 

St. 

182.3 

175.8 

- 6.5 

114.0 

114.4 

0.4 

4 

5 

Hi. 

241.0 

232.6 

_ 8.4 

129.4 

126.0 

- 3.4 

7 

10 

Co. 

124.5 

119.6 

- 4.9 

77.7 

77.6 

- 0.1 

6 

5 

Ha. 

165.8 

161.3 

_ 4.5 

90.6 

87.8 

- 2.8 

5 

6 

Gab. 

183.3 

197.0 

13.7 

90.3 

92.3 

2.0 

6 

7 

Average 

183.3 

184.3 

1.1 

103.6 

103.0 

- 0.6 

5.7 

6.1 

S.d. 



±8.2 



± 4,0 




To determine the likelihood that the differences in the eight subjects of 
the experimental group might be due to chance alone, a “t” test of statistical 
reliability was applied" using the formula : 

2 dp 

~ ; 

V - p 2 r=/a 

*We are indebted to Dr. L. J. Savage of the Department of KacliobioIog>' and Bio- 
pliysics, for direction, advice, and assistance with this analysis, and also for serving as a 
wcU-tempered foil to our efforts. 
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where (1 = experimeiifally observed difference in blood pressure between 
periods of unlike sodium excretion, 

p = weiKhting factor for d = in which n = the number of entries 

during the lactose jicriod and n' = the number of entries during the sodium 
period, 

1 “ = the similarly weighted square of the difference between pairs of like 
jioriods, and 

a = the number of pairs of like periods or 21, 

This formula relates the experimental differences in the eight subjects 
to the variance of the blood pressure of the entire group of twenty-one sub- 
jects. The t values obtained for 21 degrees of freedom were 2.93 for diastoiie 
pressure and 3.17 for systolic pressure. On this basis, the probability that a 
difference of the degree C-xperimcntally observed would occur by random 
variation alone is less than one in one liundrcd for both systolic and diastolic 
value.s.'” 

A tendency to lose weight was noted, jtrobably because of fluid loss and 
the difficulty of maintaining caloric intake. Every effort was made to keep 
the weight loss minimal. Some subjects even gained in weight and these were 
not exclusively the ones who were unable to restrict their sodium intake. The 
average weight loss was greater (2.0 Kg.) in the twelve subjects whose sodium 
excretion was above 0.5 Gm. than the weight loss (0.1 Kg.) in the eight sub- 
jects wlio were able to rigidly restrict sodium. (Tables III and nh) 

Generally the patients who could adhere to the diet claimed the most sub- 
jective benefit; several could hardly be kept from continuing the regimen. 
One of these died abruptly three days after agreeing to liberalize her salt 
intake. The cause of deatli was presumed to be a cerebrovascular accident. 

No evidence of undue salt deprivation was encountered. The study was 
not carried out during the summer months. It was the observers’ impression 
that respiratory infections seem to be followed by undue degrees of asthenia. 
One patient developed pneumonia together with a condition resembling salt 
depiction. Ifer participation in the experiment was terminated and inquiry 
into the schedule revealed that she had been receiving supplemental salt. No 
abnormalities were noted in scrum electrolytes in this or any other case. 

Certain collateral information was obtained by analyzing tlie Clinic 
records of our subjects prior to and following the controlled experiment. 
Blood pressures taken by the same or by other observers and without uniform 
technique have been averaged for over three periods: (1) before 1943, (2) 
1943 through 1945, and (3) 1946 and 1947 until the subject was selected for 
study. In certain instances the experiment was preceded also by a short 
period on diet alone and in some instances there was a further period of ob- 
servation on unrestricted sodium intake at the conclusion of the study. The 
technique followed in these last two pcriod,s was essentially comparable to that 
used during the study except for the omission of the disguised sodium chloride 
or lactose. 
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The aA’^erage results of this evaluation are recorded in Tables 111 and IV. 
For comparison, the experimental data are entered according to the level of 
urinary sodium as A, B, or C. The cases are arranged into three groups. The 
first group (Table III) inehides the eight patients who completed at least an 
A and a B or C period. The second group (Table IV) includes twelve patients 
with no A period, and the third group consists of a single patient with A periods 
alone. The change in blood pressure in the fii'st two groups is averaged, using 
the value for 1946 and 1947 as a base. The averaged sodium excretion also 
is sho^vn for the experimental periods. The experiment in the tliird group was 
terminated by intercvmrent illness. The comparison reveals an apparent fall 
in blood pressure in all groups during the periods of study. This fall is of a 
magnitiide much gi-eater than that experienced within the controlled portion 
of the experiment. For the study periods of lowest avei’aged l)lood pressure, in 
the eight experimental subjects used for evaluation of sodium restriction the 
average fall in systolic pressure was 30 mm. of merciir}" and in diastolic pressure 
20 mm. of mereuiw. A similar comparison for the groiip of patients who did not 
follow a period of strict sodium limitation as de&ied shows an average maximum 
fall of 28 mm. of mercuiy systolic, and 16 mm. diastolic. There is a general 
tendency for the pressure to vary with the salt excretion. (It must be recalled 
that periods A, B, and C were not necessarily consecutive in any jjatient.) How- 
ever, the sodium excretion after termination of the experiment was comparable 
to that of an unrestricted diet and, nevertheless, blood pressure average remained 
below the 1946-1947 level for both gi’oups. 

DISCUSSION 

The average of the differences in blood pressure which can be ascribed to 
sodium restriction alone under the conditions of the study is shown to be quite 
small, 9 mm. systolic and 5 mm. diastolic. It should not be inferred from this 
that a regime of sodium restriction is ineffective or unwarranted therapy in 
uncomplicated hypertensive vascular or cai’diovascular disease. Two important 
considerations should be emphasized in this regard. 

(1) While the average response in the group of patients studied is small, 
certain individuals showed a greater response than others. Patient La., on the 
controlled portion of the study, evidenced a fall in diastolic pressure of 19 mm. 
of mercury. A fall of between 12 and 22 mm. of mercury in s 3 "Sfo}ic pressure 
was evidenced in four eases. It is probable that there are individual differences 
in responsiveness among patients. Perhaps, also, the degree of response to 
sodium restriction is modified by other factors not herein controlled. It is to 
be emphasized that there ma}’ be different varieties of the disorder which is 
called “essential” hypertension in our ignorance of its homogeneity or eti- 
ology. When a large number of patients has been_ examined and the re- 
sponsiveness of these patients to A'ariation in sodium intake alone has been 
anaB'zed it may be possible to group the type of patient who responds into a 
separate category. The size of the present studj' does not permit deductions 
of this nature. Nor can we identify our responsive patients as being of the 
“p.seudo-Cushing’s” type reported by Sehroedcr.’= 
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(2) It will be noted by comparing' the collaterally obtained information 
with that obtained during the experimental part of the study, that all pa- 
tients, even those who responded very little to restriction of sodium alone, had 
a reduction in blood picssure over the period encompassed by the stud}'. 
This maximum change in pi’essure is the figure that would be obtained from 
an entirel}' “clinical” evaluation of these patients and represents the over- 
all effect of all procedures used, plus the spontaneous variations in blood 

SYSTOLIC DIASTOLIC 

eLOOO PRESSURE CHANCE ON SODIUM RESTRICTION 
MM HO. 




Fig. 1.— Por tlic eight subjects In whom the cfCcct of KoOjum restriction alone can be 
determined, tlie blood hressurc change ascribed to this restriction is compared with the maxi* 
mum fall in pre‘'sure from the clinical locords. Each dot represents one subject? the cross 
represents the aver.age of all subjects. (All Illustrations courtesy of the Veterans Adminis- 
tration, Washington. D. C.) 


pressure, clifferciices bctweeji ob-servers, etc. Jf no analysis had Ijeen made of 
the change in blood pressure associated with sodium restriction alone, thi.s 
entire effect could have been ascribed mistiikenly to the therapeutic value of 
sodium restriction. In Fig. 1, the fall in blood pressure ascribed to sodium 
rc.st 2 -ictioii alone is compared with the maximum clinical fall in blood pres- 
.snre based on tlie records. It will be noted that there Is no coia-elation be- 
tween the two sets of obsei-vations. Sevei'al individiial records are presented 
in Figs. 2 to 8. One patient whose blood pressure rose during the pei’iod 
of sodium restriction as eompai'ed with a period of libei-al adniini-stration of 
sodium nevertheless had the greatc.st fall in blood pressiu'e of any of the 
group on an over-ail basis (Fig. 2). Moreover, this patient claimed great 
symptomatic improvement on this regimen. Her hlood pressure iva.s iowe.st 
during the six week period in rvhich the urinary sodium .averaged 1.25 Gm. 
per day (equivalent to 3.2 Gm. of sodium chloride). The absence of cor- 
relation between the fall aseribabic to sodium restriction aione and the gen- 
eral reduction in blood pressure that occurred during the course of the study, 
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-Patient Ca., an elderly man tvho adhered to hla diet strictly, showed no effect of salt restriction upon his blood pressure 
although he claimed sreat symptomatic benefit. 
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tion for six weeks was without added effect however. 
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and the small mimhcr of cases of the experimental group, make it rather point- 
less to present the individual cases in a search for the factors which make 
some patients susceptible to sodium restriction and others not. if the effect 
of this regimen is considered as the rcsnltant of the two components, i.e., the 
effect of sodium restriction per sc and tlie effect of all other factor.s, probably 
variation exists between indiriduals in each of tlicsc effects. It would bo im- 
portant to know how to select those patients who might have a good response 
to sodium restriction. It would appear of even greater importance to have 
criteria for selection of patients who respond to tlie factors other than sodium 
restriction. Both necessitate extension of our studies. 

The foregoing comments deal only with the response of the blood pres- 
sure under the descvilied regimen. A further factor of therapeutic impor- 
tance arises wlicn it is considered tliat the symptomatic effect of this regimen 
did not always parallel the eiiange in blood pressure, nor the variation in 
sodium intake. There were patients who felt better although the blood pres- 
sures did not fall, and there were patients who felt better- during a period 
when the sodium intake was higlier than it had been before, regardless of any 
change in blood pressure. Onr brief studies do not permit analysis of these 
relationships nor do they control spontaneous variations in the level of the 
patient’s symptoms. 

We have been quite arbitrary in selecting tlie level of sodium excretion 
by which our patients have been grouped. Previous workers have maintained 
that a urinarj' sodium or chloride excretion equivalent to more tlian 0.5 6m. 
of sodium per day shmdd not he considered an adequate degree of sodium 
restriction for the treatment of hypertension. It is quite possible that the 
blood pressure in some jiatients may fall with much more moderate sodium 
re.strietion than that whieli wc liave attempted. The average blood pres.sm-cs 
for periods at different levels of sodium excretion reveal to some extent the 
individual and average response of patients when the degree of sodium re- 
striction is varied. A more important objection to the conclusions of the study 
lies in the fact that the period of observation was arbitrarily limited to six 
weeks. In several instances it appeared that a change in blood pressure was 
becoming manifest toward the end of the six-week period. This is in accord 
with the results of others who hare pointed out that a delay in response may 
he noted. This is said to oeenr particularly during desalting. Such a phase 
displacement, commented on previously, will minimize any apparent effect 
of sodium restriction alone in this study. We do not feel that our data permit 
division of the experimental periods each into two periods of three weeks, al- 
though this would he a ivay of approaching this valid criticism. 

The stud.v was designed to evaluate only one point, and that was whether 
sodium restriction alone, was capable of significantly reducing the blood pres- 
sure of hypertensive patients. Here “significant” does not mean the significance 
to the patient or any therapeutic significance but .simply whether sodium re- 
striction had a statistically significant effect upon the blood pressure. This 
must 1)0 established before one can view in its proper light the result of the 
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complex alterations wliich ensue when a patient comes to the doctor’s oiBce 
or to the clinic and is advised to go on a rigidly restricted diet. It is im- 
portant for the doctor to know whether the diet he advises is effective because 
of its sodium restriction, because of its specific composition, because of its 
psychological implication, or whether the patient appears to benefit because 
some active therapeutic effort is being made in his behalf or simply because the 
doctor is taking an interest in him. From the point of view of some patients 
(and physicians), the mechanism may not seem to be of impoi-tance, it often 
sufficing that the patient feels better and that the response satisfies his phy- 
sician in whom he places his trust to keep him well. For the physician, this is 
self-deception. 

There is great need for a wider realization of the profoimd physiologic, 
psychologic, psychiatric,’^" social, and economic alterations which may i-esult 
from a diet such as this, apart from the biochemical and physiologic effects of 
sodium chloride depletion. 


SUJIMARY 

An attempt was made to provide a maiirtenance diet unth a sodium con- 
tent restricted to less than 300 mg. per twenty-four hours. This diet was 
offered to twenty-foi;r ambulatory hypertensive patients on an experimental 
basis. In addition the sxtbjects received either 4 Gm. of sodium chloride or 
lactose in identical form over three periods of approximately six weeks each 
according to planned schedirles. Neither the subjects nor the investigators 
were aware of the schedule being used and the subjects were not aware of the 
nature of or alteration in the medication. The criterion adopted for rigid 
restriction was the average excretion of less than 500 mg. of urinary sodium 
in a weekly twenty-four hour sample. Blood pressures were recorded by a 
standardized technique approximately once each week. Eight subjects pre- 
sented data for a period of restriction which could be compared with a period 
of greater sodium excretion. In these subjects the average diastolic blood 
pressure was 4.7 mm. of mereuiy lower and the average systolic pressure S.7 
mm. of mercury lower during the restricted period than during the period 
of sodium supplementation. Twenty-one subjects yielded data for at least 
two periods of a like order of sodium excretion from which the variances of 
the blood pressure for the group were determined. On this basis the proba- 
bility that a difference as large as that experimentally observed would occur 
bj' random variation is less than one in one Inmdred for both the diastolic 
and the systolic valines. 

CONCLUSIONS 

1. A diet rigidly restricted in sodium is difficult to administer success- 
fully to ambulatory hypertensive subjects. 

2. A difference of less than 5 mm. of mercury in the average diastolic 
blood pressure was observed, which could be asei'ibed to the effect of the 
sodium chloride restriction alone. 

3. This difference cannot reasonabty be assigned to random variation. 



MINIMAL SODIUM DIET 


1399 


4. Kediiction in blood pressure observed when hypertensive patients are 
placed upon a diet which is restneted in sodium may he only partly due to 
sodium restriction. . Some of the other faetore which maj' be involved are 
pointed out hut not analyzed in this study. 
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INFLUENCE OP VARIOUS DISEASE STATES UPON THE FEBRILE 
RESPONSE TO INTRAVENOUS INJECTION OP TYPHOID 
BACTERIAL PYROGEN 

"With Particular Reference to Malaria and Cirrhosis of the Li\t;r 

Albert Heyman, SI.D., and Paul B. Beeson, M.D. 

Atlanta, Ga. 

C linical experience during fever therapy has shown that patients given 
a series of injections of a bacterial pyrogen, such as that present in typhoid 
vaccine, develop a remarkable tolerance to the pyrogen, so that increasing doses 
must be given in order to produce comparable elevations in body temperature. 
This tjTpe of immune reaction or tolerance is of short duration and is ap- 
parently not dependent on the presence of specific antibodies.^' - Experiments 
in rabbits indicate tliat it is related to an inerea.sed ability of the reticulo- 
endothelial sj'stem to remove the pyrogen from the circulation.^ The question 
arises whether a .similar tolerance develops in human beings during the course 
of certain febrile diseases. If such alterations do occur, patients convalescent 
from these diseases would be expected to show very little febrile reaction to 
intravenous injection of a bacterial pyrogen. One observation pertinent to 
this problem was reported by Howard'* who, in studying the effect of fever on 
protein metabolism, found that he was unable to elicit an appreciable febrile 
response to typhoid vaccine in a patient who had recently recovered from 
malaria, ilorgan” reported that patients convalescent from typhoid and 
paratyphoid fever showed no significant febrile reactions to intravenous in- 
jection of purified extracts of Eberthdla typhosu and Shigella dysenieriae. This 
material, however, produced marked febrile reactions in normal individuals. 
The present report summarizes observations on the febrile response of patients 
with various diseases to intravenous injection of a small dose of typhoid 
vaccine. 

method 

The vaccine employed was a suspension of heat-killed E. typhosa containing approx- 
imately one billion organisms per milliliter. The standard dose was .05 ml. injected intra- 
venously. Previous experience with this vaccine had shown that this dose produced little 
symptomatic discomfort otlier than a sensation of chilliness followed by a rise in tempera- 
ture of 1.5° F. to 3° P., with temperature returning to normal in four to six hours. Tem- 
perature measurements were made with a constant-recording rectal thermometer. Readings 
were begun one hour previous to the injection and continued at thirty-minute intervals 
for eight hours afterward. The febrile response was plotted on graph paper and the tem- 
perature previous to injection was taken as the base line. The area between the base line 
and the course of the febrile response was measured with a planimeter. The size of this 
area, expressed in vernier units of the planimeter, was called the ‘ ‘ fever index, ’ ’ 

The subjects studied can be divided into five main groups. 

1. A "normal” group of sixteen afebrile patients receiving penicillin trea.tment for 
asymptomatic neurosyphilis. 
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2. Twenty-two pvitionts convalescent from a raricty of acute infectious diseases, in- 
cluding seven with pneumonia, four with gonorrheal arthritis, three with tj-phus fever, 
three with tularcnuu, two with lyphoul fever, two with niciungitis, and one witii rheumatic 
fever. The vaccine was admijiistcred to tlie«e patients two or three da)-s after they had 
recovered from their illnesses and had hccome nfehrilo. 

3. Twenty patients who had just completed a course of malarial fever therapy for 
neurosypUnis. The test was carried out on the second or third day following the last malarial 
paroxysm. 

4. Fourteen patients with cirrhosis of the liver. 

5. Thirteen patients with jaundice, ten of whom had viral liepatitis, and three of whom 
were thought to have biliary olxstruction. All of the patients with liver disease were tested 
at a time when their temperatures had been normal for two or throe days. 



DISEASE 

Fiff. 1. — The febrile response to typhoid vaccine in various disease states. The arrow Indi- 
cates the mean response In each group of patients. 


RESULTS 

T!ie febrile responses follon-ing injection of typhoid vaccine in the 
different groups are shown in Pig. 1. It will be observed that in the “normal” 
subjects the range of the fever index varied from 4.3 to 2G2, the mean being 
132. This quantitative cxpre.ssion of both the height and the duration of 
fever indicates a rise of 1.5° P. to 3° P.. the temperature returning to norma! 
usually within .si.x hour.s. 

In patients recently convalescent from acute infections, the febrile re- 
sponses were comparable to those of the “normal'’ .subjects, the mean value 
of the fever inde.x in this group being 148. The four highest values were in 
two patients with typhoid fever and two with tularemia. The two patients 
with tjTihoid fever, the only ones in this study with thi.s condition, exhibited 
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an increased sensitivity to pyrogen, a finding at variance with that of Mor- 
gan'' Avho reported a decreased febrile response in a larger numlier of patients 
convalescing from this illness. One other patient with tularemia showed a 
febrile response similar to that appearing in the normal subjects. 

The twentj^ patients who had recently recovered from malaria reacted to 
the typhoid vaccine with less fever than the preceding groups, their mean 
fever index being only 63. This finding is similar to that noted by Howard 
in one case. Comparable observations were made by Habetin,® who found 
that the injection of pyrogenic nuclein, made from yeast, failed to produce 
any febrile response in a few patients with malaria. 

Patients with cirrhosis of the liver showed greater than normal responses, 
the fever indices ranging from 140 to 352, the mean value being 236. 

In the group of thirteen patients ivith jaundice, twelve showed responses 
ivithin the “normal” range, whereas one with infectious hepatitis had an 
exaggerated febrile response. This person had been ill for approximately four 
months, and liver function tests showed considerable evidence of hepatic in- 
sufficiencj' at the time the test was performed. 

DISCU.SSION 

The increased sensitivity to pyrogen observed in patients with chronic 
liver disease may possibly be caused by impaired reticuloendothelial function 
in the liver and spleen, or may be related to some metabolic disturbance. 
Patients with cirrhosis have been observed to develop fever following the 
intravenous administration of salt -poor albumin.'' There is also a definite im- 
pression that certain preparations of albumin produced febrile reactions in 
persons with cirrhosis, but not iir patients with hypoalbuminemia due to other 
causes.® The patients in the present study with acute hepatitis or obstructive 
jaundice, however, did not exhibit abnormal responses to typhoid vaccine. Ex- 
periments with rabbits in this laboratory have also shoum that aciite liver 
damage, prodirced by chloroform, did not lead to abnormal febrile response to 
typhoid pyrogen. 

The diminished response to the pyrogen in patients with malaria may 
possibly be associated with the great proliferation in reticuloendothelial 
elements known to occur m this infection. The stimulation of the reticulo- 
endothelial system produced bj' malarial fever and typhoid vaccine fever therapy 
has been offered as an explanation for their curative effect in neurosyphilis. 

The patients in this study with febrile diseases other than malaria de- 
veloped little if any tolei-ance to bacterial pyrogen. IMorgan,® however, has 
observed that patients convalescent from typhoid and paratyphoid fevers showed 
tolerance to injection of purified extracts of tj^ihoid and dysentery bacilli, 
whereas the reaction observed in five patients recovering fi’om other febrile 
diseases was comparable to that of normal subjects. Bennett found that rabbits 
survimng pneumococcal and colon bacillus infection did not show a diminution 
in febrile response to typhoid or colon bacillus pyrogens.® 
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SUAIAIARY 

The febriic response to typhoid bacterial pyrogen was observed in a group 
o£ eighty-five patients with various diseases. The mean response elicited by 
patients with a variety o£ infections, .such as pneumonia, iiepatitis, typims fever, 
and tnlarcmia, was the same as that observed in normal individuals- Patients 
with malarial fever, Jjowever, appeared to be compavatiYcly resistant to the 
pyrogen. Patients witJi ciribosis of tiic liver exhibited an exaggerated response. 
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THE IN VIVO ACTION OP AUREOMYCIN ON PLEUROPNEUMONIA- 
LIKE ORGANISMS ASSOCIATED WITH VARIOUS RHEUMATIC 

DISEASES 


Thomas jMcP. Brown, SI.D., Ruth H. Wichelhausen, M.D., 

Lucille B. Robinson, A.B., and Wili-iaji R. Merchant, M.D. 
Washington, D. C. 

T he efficacy of gold compounds in animals experimentally infected with 
animal strains of pleuropneumonia-like organisms has been demonstrated b.v 
various observersd'® A strain of Strcptohacilhis moniliforims recovered from 
the Joint fluid of a patient produced artliritis in mice with great regularity. 
Arthritis could be prevented by the simultaneous administration of gold and 
the infecting agent, but arthritis once established was unaffected by the use of 
gold. The ti'ansformation of this strain of S. moniliformis into the pleuroinieu- 
monia-like fonn was readily demonstrated.* 

A patient with nonspecific urethritis and prostatitis from whom pleuro- 
pneumonia-like organisms were recovered has beeii treated with Myoelirj'sine 
without improvement.® Sulfonamides and penicillin have beep found ineffective 
both in vitro and in vivo in animal and human infections with these organ- 
isms.’’’ ° Streptomycin has been observed to have an effect on L organisms 
and has produced a rapid disappearance of symptoms in patients with an asso- 
ciated infection due to these organisms.®- However, pleuropneumonia-like or- 
ganisms have been oliserved to persist in a case of nonspecific urethritis follow- 
ing streptomycin therapy.® It has been pointed out repeatedly that L organisms 
may be of significance in human joint diseases but a definite correlation has not 
yet been established.®’ 

observations 

In the present studj’, patients with rheumatoid arthritis, from whom cul- 
tures of prostatic secretion yielded pleuropneumonia-like organisms, Avere ob- 
served for one year or more. An effort was made to determine whether or not 
under prolonged gold therapy for the rheumatoid arthritis the organisms could 
be eliminated in vivo in human beings. In all patients of this group, L organ- 
isms could be recovered with great regularity in spite of continued gold therapy 
and satisfactory clinical remissions. 

In one of these patients, each of fourteen successive prostatic cultures ob- 
tained over a period of eighteen months was positive for L organisms. After 
thirteen months of gold therapy (10 mg. the first week, 25 mg. the second week, 
50 mg. weekly for nineteen Aveeks; 50 mg. monthly for eight months; total 
dosage, 1,385 mg.), myochrysine A\-as discontinued because of toxicity. Three 
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moiitlis after cessation of therapy the rheumatoid arthritis relapsed and aureo- 
mycin* therapy was instituted. There was a complete disappearance of pleuro- 
pncumonia-likc organisms on six .successive culture attempts during and follow- 
ing aurcomyein therapy. 

Disappearance of L organisms from the genital tract under aurcomyein 
therapy has been demonstrated in a total of nine patients (tlircc men, six women; 
two cases of erythema nodosum, one of rheumatic fever, five of rheumatoid 
arthritis, one of nonspecific urethritis). In two of the female i)aticnts L organ- 
isms reappeared after diseontinunlion of the drug, indicating cither insuf- 
ficient dosage or ])aeteriostatic rather than bactericidal activity of aurcomyein. 
One of these j)atients was re-ti*eated with aurcomyein and again prompt elim- 
ination of the organisms was achieved. 

Four patients with nonspecific urethritis have been treated with aiireomycin. 
Two of tliese patients had joint and muscle complaints in addition to the urethri- 
tis. In only one patient eulturc.s of prostalic .secretion yielded abundant growth 
of plcuropneumonia-liUc organisms. There was prompt response to aureomyein 
(2.0 Gm. per day for four days), confiming the observation of Collins and co- 
worhei’s.’^ Complete relief of symptoms occurred after forty-eight hours of 
tlierapy. Cultures taken thirty-six liours and one, ten, and eleven weeks after 
institution of aurcomyein therapy were negative for i)lcuropneumonia-likc or- 
ganisms. In spite of negative cultures the patient had a recurrence of burn- 
ing on urination but no return of urethral discharge. The burning sensation 
has persisted iu the absence of further treatment. This observation, a recur- 
rent clinical symptom and negative cultures in a patient in whom L organisms 
were demonstrated previously, supports tlic impression that absence of demon- 
strable L organisms docs not rule out the possibility that disease was initiated 
by infection with them. The inability to demonstrate pleuropneumonia-like or- 
ganisms may be due to the inadequacy of the present culture methods. This 
failure to culture organisms maj' also parallel tlie findings in S. 'moniliformis 
infections, in which in the later stages of tlic disease it may be impossible to 
recover the organism, although clinical activity persists.’ These speculations 
would explain the frequently noted lack of correlation between clinical and 
laboratory findings. 

In three of the four patients with nonspecific urethritis, pleuiopneumonia- 
likc organisms could not be demonstrated in repeated cultures prior to aiireo- 
raycin therapy. One patient was treated for an attack of three months’ dura- 
tion which liad not improved under penicillin therapy. One gram of aureomyein 
was given daily for seven days. The patient was asymptomatic on the last day 
of treatment. Burning on urination recurred two weeks after cessation of 
therapy, and four weeks after discontinuation of aurcomyein morning discharge 
was again present. A second coiU'se of aureomyein was given consisting of 1 
Gm. daily for five days and 2.0 Gm. daily for three weeks. The discharge 
ceased after five days of therapy; burning diminished during treatment and 
cleared completely a few days aften cessation of therapy. The patient has re- 
mained asymptomatic during a five-week follow-up period. A second patient 

•We are indebted to the Lederle Laboratories for part of the aureomyein used In this 

study. 



Table I. Eei’ect op Abbeohycin Therapy on Buehmatoid jIictiiritis and JIarie-Sti{umpell Spondylitis 
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became asj'mptomatic following fortj’-eiglit hours of treatment (1.0 6m. per 
day for seven days), but mild burning on urination developed one week after 
aureomycin had been discojitinued. This patient has not been re-treated. The 
third patient presented a two-year history of urethritis. Burning and urethral 
discharge were present at the onset of the disease. After three months of the 
illness the discharge cleared spontaneously, but burning and frequencj^ of urina- 
tion persisted with the gradual development of arthralgia, myalgia, and fatigue. 
Aureomycin thex-apy (0.5 Gm. per day for four weeks, 1.0 Gm. per day for 
ten daj’s) appeared ineffective. Hoxvevei', when the dose of aureomj'cin was 
inei'eased to 2.0 Gm. per day sticking impi-ovement was noted. After the patient 
had been on this larger dosage for thi’ee weeks, he ixoted for the first time in 
two years absence of burning on urination and was completely free of myalgia, 
joint pain, and fatigue. Ti'eatment was continued for a total of ten weeks. 
There was no recurrence of .symptoms. There has been inadequate time for 
follow-up studies. 

Twenty -five }xatieixts representing a vaidety of rheumatic diseases (rheuma- 
toid arthritis, Jlaile-Striimpell spondylitis, i-heumatie fever, eiythema nodosum) 
have been treated with aureomycin (Tables I and II). Cultures from the 
cervix and prostatic secretions yielded pleux’opxxeumonia-like organisms in eight 
of these patients. Cultures were negative for L organisms in seventeen patients. 

Subjective and objective improvement was observed in seventeen of these 
twenty-five patients. Two (Patients E. H. and E. V.) were symptomatically 
improved. One ease of rheumatic fever (Patient J. T.) could not be evaluated 
because salicylates were given simultaneously. Two patients with Marie- 
Strilmpell spondj'litis (Patients D. T. and L. A. showed no demonstrable im- 
provement after five and eight weeks of treatment. One individual with Marie- 
Striimpell spondylitis and peripheral joint involvement (Patient J. B.) expe- 
rienced temporary marked symptomatic improvement followed by an acute 


Table H. Effect of Aureomycix Theb-wv on Rheumatic Fevep. and Erythema Nodosum 


DIAGNOSIS 

PATIENT 

j 

SEX 

i 

1 

DEGREE OF 

INVOLVE- 

MENT 

DURATION 

OF 

ILLNESS 

AUREOMYCIN 

THERA- 

PEUTIC 

RESPONSE 

L ORGANISMS 

GM./ 

DAY 

DURA- 

TION 

(DAYS) 

DE- 

FORE 

THER- 

APY 

AFTER 

THER- 

APY 

Rheumatic 

fever 

mujii 

F 

Chronic and 
acute, 
severe 

14 yr. 

2.0 

17 

7 


0 

S. P. 

F 

Chronic and 
acute, 
severe 

nn 

0.75 

45 

Good 

■ 


P.W. 

SI 

Acute, 

Fcvere 


2.0 

10 

Good 

0 


Erytiiema no- 
dosum with 
fever and 
joint in- 
volvement 

C.M. 

F 

AcutOt 

severe 

2 mo. 

2.0 

1.0 

5 

11 

Good 

■ 

0 

Erythema no- i 
dosum witii 
fever 

N.C. 

P 

Acute, 

severe 

2 mo. 

0.5 

1.0 

5 

20 

Good 


0 


Minus sign denotes that the determination was not made. 
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exacerbation of tlie disease. Two persons (Patients F. "W. and J. Y.) witJi 
rheumatoid arthritis did not improve. It may be of significance (Table I) that 
the auroomycin blood scrum levels were nniformly low in those patients in 
whom little or no clinical improvement was noted. 

The relation between dosage of aiircomyein, aiircomycin blood serum levels, 
temporary or i)ermancnt elimination of L organisms, and clinical response will 
require further study. Disappearance of Ij organisms in the patients with 
positive cultures was more rapid than llic clinical improvement noted in any 
single case with the dosage of aureomycin and the route of administration cm- 
])]oye(l. In one case of cin-thema nodosum, as little as 0.25 Gm. of aureomycin 
daily was all that was necessary to eliminate ]>leuropneumonia-like organisms 
from the cervix. In this case, 1.0 Gm. per day of the antibiotic was required 
to produce a favorable clinical response. One patient in whom L organisms 
disai)pearod ])romptly failed to show clinical response. The jiatients with nega- 
tive cultures for L organisms responded as well ns those from whom the organ- 
isms could he recovered. 

There was an initial exacerbation of tlic illness in a number of cases of 
rheumatoid arthritis and Jlarie-Stnimpell spondylitis comparable with that fre- 
fluently observed by us in rheumatoid arthritis treated with gold. This exacer* 
bation of muscle and joint symptoms varied in intensity and duration, but uni- 
formly disappeared under continued therapy. Two patients who had fever 
prior to therapy developed an initial, transient, additional rise in temperature 
on 2.0 Gm. of aureomycin daily. The three other febrile patients in the rheu- 
matic fever-erythema nodosum group, in whom aureomycin did not exceed 1.0 
Gm. per day, did not have this additional febrile response. 

It was observed early in the course of this study that some patients who 
failed to improve on 1 Gm. of aureomycin daily responded favorably when the 
dosage was increased to 2.0 Gm. per day. Therefore, the 2 Gm. dose ^vlas 
selected whenever the patient could tolerate tliis amount. In most patients im- 
provement was noted one to four weeks after initiation of therapy and con- 
tinued in a manner comparable to that observed with successful gold therapy 
of rheumatoid arthritis. The high incidence of favorable response to aureomycin 
suggested an effect which was more than a coincidental finding. Aureomycin 
therapy may not be suitable in cases of rheumatic fever because of the initial 
exacerbation of symptoms noted. Smaller initial doses than those employed in 
the present study may eliminate this exacerbation. 

Kuzell^® has reported that tlie effect of aureomycin was similar to that of 
gold in the control of rat arthritis experimonttilly produced with the strain. 
Brown'® has noted the effect of aiircomyein in human beings with rheumatic 
diseases. It -would appear that aureomycin and undoubtedly other antibiotics 
with a similar effect on L organisms may assume an essential role in the under- 
standing of the I’clationship of iileuropncumouia-like organisms to rheumatic 
diseases Preliminary studies indicate that the effect of Chloromycetin may be 
comparable to that of aureomycin. In one female patient with severe, pro- 
gressive rheumatoid arthritis, repeated eciwical cultures were done before and 
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after administration of 1.0 6m. of cliloromyeetiu daily. Prompt elimination of 
L organisms was acliicved. There was an exacerbation of symptoms followed 
by rapid major clinical improvement within three weeks. 

SUAIMAKY 

1. Oral administration of anreomycin has produced uniform disappearance 
of demonstrable pleuropneumonia-like organisms from the genitourinary tract 
of individuals with and without joint disease. L organisms were not eliminated 
by gold therapj*. 

2. Elimination of L organisms by anreomycin or bj^ other antibiotics pro- 
ducing a similar effect may be of importance in the understanding of the possible 
relationship of pleuropneumonia-like organisms to articular diseases. 

3. The effect of anreomycin therapj- in twenty-five eases of rheumatic dis- 
ease has been reported. 

4. The ultimate value of anreomycin in the treatment of rlieumatie diseases 
must await prolonged clinical trial and follow-up study. 

We are indebted to Dv. W. D. Jarman for permitting ttie use of his case in this study 
(one case of nonspecific urethritis). 
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SOiNIC-VIBEATBD LKPTOSPIRAU AS ANTIGENS IN TUB 
COJIPLEllBNT FIXATION TEST FOR TUB DIAGNOSIS 
OF LEPTOSPIROSIS 

Raymond Randai.i., D.V.M.," Psyche W. Wetjioiie, B.A., and 
Albert R. 'Warner, ,]r. 

Washington, D. C. 

I T IS recognized tliat in tlic innjority of cases o£ human and animal lepto- 
spirosis a diagnosis cannot be made without recourse to one or more Labora- 
tory procedures. 

Lcptosiiirac can be demonstrated by dark-field microscopic e.Namination of 
tile Iilood during tlic sciiticemie stage of the disease, whicli usually lasts for 
scYcn days. Also at this time inoculation of young hamsters witli whole blood 
from patients infected with Leptospira icicroliacmorrTiarjiac and Lept. canicola 
generally results in a fatal leptospirosis in the test animal.' The leptospirae 
disappear from the patient’s blood stream during the second week and then 
appear in the urine. Agglutinins, lysins, and complement-fixing antibodies 
usually begin to appear in tlic paticnt’.s serum toward the end of the first week 
and are present in readily measurable amounts about the twelfth to fourteenth 
day after the onset of illiiess. The maximum titer is reached within three to 
four weeks and in most instances antibodies arc detectable for several months 
to years. 

The te.sts most frofiuently used for the demonstration of antibodies in the 
patient's serum arc the macroscopic' and microscojiie agglutination' and agglu- 
tination-lysis tests.' These procedures require personnel properly trained in the 
techniques and necessitate the maintenance of sttitable cultures of leptospirae. 
For tills reason their use is limited to only a few laboratories. 

Because a simple and reliable diagnostic test for leptospirosis was not 
available, a study was undertaken to develop an antigen for use in a comple- 
ment fixation test that could be performed in any laboratory conducting the 
Wassermann or similar complement fixation tests. In the past, the complement 
fixation test for the diagnosis of leptospirosis has received little attention, ap- 
parently bccansc of the difficulty of preparing suitable autigous. Pot and 
Dornickx' and Boerncr and Lukens' have reported on two different methods 
of preiiaring antigens for use in the complement fixation test for the diagno.sis 
of Weil's disease. However, Borgen' concludes that the lack of agi-cemcnt 
between the agglutination reactions and the complement fixation test is due 
to sources of error in technique or to unstable or inefficient antigens. Where 
we utilized autigeus prepared by present available methods our results also 
have been unsatisfactory. Therefore, experiments wore undertaken to produce 
a suitable antigen and it was found that leptospirae ruptured by sonic vibration 
yielded an antigen of considerable specificity and sensitivity. 

From the Vctcrlnaiy Division. Amiv Medical Department Iteseaich anti Gi-iduate School. 
Army Medical Center. Washington 12. D. C. 
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materiaIjS and methods 

Preparation of Antigen. — Although there are sixteen serologically recognized species 
of leptospira, only two, Lept. icterolmcmorrlmgiae and Lept. canicola, are known to infect 
human beings and dogs in the United States; therefore, antigens were prepared from these 
two species. Antigens were prepared from strains of Lept. icterohaemorrhagiae and Lept. 
canicola isolated in this laboratory from young hamsters inoculated with whole blood from 
naturally infected dogs.i Erlenmeyer flasks of 250 ml. capacity containing 50 ml. amounts 
of Stuart's mediums were inoculated with 5.0 ml. of a 3-day-old culture of leptospira and 
incubated at 29 to 30° C. for six da 3 ’S. At the end of this period 0.05 ml. of formalin was 
added to eacli flask and the cultures were held at 29 to 30" C. for an additional twenty-four 
hours. The killed cultures were transferred in 50 ml. amounts to plastic tubes and centri- 
fuged at 17,000 r.p.m. for fifteen minutes in an International hlodel PE-1 refrigerated centri- 
fuge maintained at 0 to 3° C. The supernatant fluid was decanted and the packed lepto- 
spirae were collected and washed three times with 0.S5 per cent saline solution buffered at 
pH 7.0. The washed organisms were then resuspended in buffered saline solution to one-tenth 
of the original volume of the culture medium. Twenty milliliter aliquots of the concentrated 
suspension of the leptospirac were exposed to sonic vibration at 9,400 cycles per second 
for ten minutes in a water-cooled Raytheon Type E-22-3 magnetostriction oscillator main- 
tained at 100 volts. The material was then pooled and hlerthiolate added to 1:1,000 final 
concentration to constitute the species specific stock antigens. Antigens refrigerated at 4° C. 
have remained stable and specific for at least six months. 

Complement Fixation Tests. — The complement fixation technique used at the Army 
Medical Department Eesearch and Graduate School is employed. 

Complement Titrations. — The 1:30 dilution of complement is titrated to determine the 
unit and two full units contained in a 0.5 ml. volume are used for the tost. (For example, 
if hemolysis is just complete in the tube containing 0.14 ml. of complement, then O.IG ml. 
is taken as the unit.) 

Antigen Titrations. — Titrations have shown the optimum dilution of the stock antigens 
to be 1:15, with the unit ranging from 0.02 to 0.05 ml. of this dilution. Three exact units 
of antigen contained in a 0.25 ml. volume are employed. 

Inactivation of Sera, — Human sera are inactivated at 5C° C. for twenty minutes, dog 
and rabbit sera at 62 to 63° C. for forty minutes in a dilution of 1:1. In the routine test, 
0.25 ml. of twofold dilutions, from 1:1 through 1:32 and in a quantitative test 1:1 through 
1:1,280, of the inactivated serum is used. 

The Test. — To 0.25 ml. amounts of the sera dilutions three units of antigen and two 
full units of complement are added. The tubes are refrigerated at 4 to 6° C. for sixteen 
to eighteen hours. On removal, the tubes are left at room temperature for fifteen to twenty 
minutes and 0.5 ml. of sensitized cells consisting of 0.25 ml. of a 3 per cent suspension of 
sheep cells and 0.25 ml. of amboceptor containing three units is added. The tubes are 
incubated at 38° C. for thirty minutes in the water bath and tlie test is read. 

Controls. — Tlie usual hemolytic and positive and negative control sera are set up. 


RESULTS 

Parallel complement fixation and microscopic agglutination tests were made 
on three gi'onps of human sera. Group I consisted of twenty-five random serum 
specimens submitted to this laboratory from a wide variety of disease processes 
other than proved cases of Weil’s disease. Group II included ten sera from 
syphilitic patients giving positive Wassermann reactions. Group III included 
sera from twenty-one proved cases of Weil’s disease. In none of the random 
specimens in Group I were either complement-fixing or agglutinating antibodies 
against either leptospira antigen detected. 
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All of the ten positive 'Wassennanii sera of Group II likewise failed to 
react with leptospira antigens in cither tj’pe of test. 

On the other hand, definite antibody responses were elicited in all of the 
sera of patients diagnosed as having Weirs disease (Group III). Two e.xamplcs 
are shown in Table I. 


TABLE I. THE Occurrence of Compiaiment Fixation and Agglutination Antibody in 
Two Cases op Uusian Leptospirosis 


FROM 

CASE 

HAYS SINCE 
ONSET OF 
DISEASE i 

•llTKli OF COMPLEMENT ' 

FIXATION TEST 

1 TITER OF MICROSCOPIC 

1 AGGLUTINATION TEST 

LEPT. 

CANICOLA 

ANTIOEN 

LEPT. ICl'KIIO- 

IIAE510U- 

CnACIAK 

ANTIGEN 

LEPT. 

CANICOLA 

ANTIOEN 

1 LEpr. ICTERO- 
1 IIAEMOR- 

RHAGIAC 
ANTIGEN 

1 

0 

1:8 

1:8 

0 

U 

1 

2S 

1:12S 

1:12S 

1:10,000 

1:1,000 


0 

1:1G 

1:10 

0 

u 

2 

17 

1:22 

1:32 

1:10 

1:300 

2 

42 

1 :t;4 

1:128 

1:100 

1:1,000 


Case 1 was a patient whose first symptoms of illness were general malaise, 
headache, conjunctival injection, and pyrexia. Five days after onset, the scrum 
showed a complcinont fixation titer of 1:8 against both Lept, cmiicola and Lept. 
ictcroliuemorrhagiac antigens. Another specimen of serum obtained on the 
twenty-eighth day of illness showed a rise in complement fixation titer to 1 :12S 
against both antigens. The microscopic agglutination test on the first specimen 
was negative while the second specimen reacted witli Lept. canicola and Lept. 
icterohacmorrhaijiac antigens at 1 :10,000 and 1 :1,000 dilutions respectively. 

Case 2 was that of an attendant in a small animal hospital who developed 
general malaise, chills, and fever. Ilis scrum fixed complement with both lep- 
tospira antigens at a dilution of 1 :16 on the si.xth day of reported illness. By 
the seventeenth day the titer against hotli antigens had risen to 1 .-64 and on the 
forty-second day the complement fixation titer against Lept. camcota was 1 ;64 
and that against Lept. icterahacmorrtiagiac 1 :128. Parallel studies with the 
microscopic agglutination technique showed negative results on the first specimen 
of serum, while the second reaeted with Lept. canicola at 1 :10 and Lept. ictero- 
haemorrhugiae at 1:300. Tlie third serum siiccimen had a positive agglutina- 
tion titer of 1 :100 for Lept. canicola and 1 :1,000 for Lept. icterohaemorrhagiae. 
These observations suggest that antibody formation in leptospirosis may he 
detectable by the complement fixation test before it is demonstrable by the 
microscopic agglutination test. 

Nineteen of the sera in Group III from human cases of leptospirosis occur- 
ring in the Far East were obtained through the courtesy of Dr. Pierre Lepine 
of the Pasteur Institute. These cases had been diagnosed at point of origin by 
use of the agglutination-lysis test. Unfortunately, serial specimens were not 
obtained for comparative studies, but the positive findings obtained on single 
specimens, as shown in Table II, were in accord with the comparative results 
of the complement fixation and microscopic agglutination te,sts noted in Table 
I. 
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TABiiE II. A Comparison op the Reshets of Complement Fixation and Microscopic 
Agglutination Tests With Sera Prom Human Cases of Leptospirosis* 




TITER. OF COMPLEMEKT 





FIXATION TESTS 

titer of microscopic 



(SOXIC-VIBRATED 

AGGLUTINATION TESTS 



ANTIGENS) 

(live antigens) 




LEFT. 


LEPT, 




ICTERO' 


ICTERO- 



LEPT. 

HAEMOR- 

LEPT. 

IIAEMOK- 



CANICOLA 

UIIAGIAE 

CANICOLA 

RIIAGIAE 

SERXJU 

DIAC.NOSIS 

ANTIGEN 

ANTIGEN 

ANTIGEN 

ANTIGEN 

1 

Ictero 

1:32 

1:32 

1:10 

1 : 1,000 

2 

Ictero 

1:16 

1:16 

0 

1:300 

3 

Ictero 

3:32 

1:32 

1:30 

1:100 

4 

Grippotj'pliosn, 

Ictero — traces 

1:256 

1:236 

1:30 

1:100 

5 

Ictero 

1:32 

1:32 

0 

1 : 1,000 

6 

Ictero 

1;S0 

1:80 

1:30 

1 : 1,000 

7 

Ictero 

l;(i40 

1:1,280 

1:300 

1:300 

8 

Ictero 

1:360 

1:160 

1:30 

1 :300 

9 

Ictero 

3 :S0 

1:80 

1:300 

1 : 1,000 

10 

Ictero 

1:320 

1:320 

1:300 

1:100 

11 

GrippotypUosa 

1:16 

1:16 

0 

1:100 

12 

Ictero 

1 :32 

1:32 

1:10 

1:100 

13 

Ictero 

1:64 

3:32 

1:300 

1:3,000 

34 

Grippotyphosa 

3:32 

1:32 

1:10 

1:300 

lo 

Ictero — doubtful 

1:64 

1:64 

1:10 

1:10 

10 

Grippotvpliosa — doubtful 

1:64 

1:64 

1:100 

1:100 

17 

Ictero 

1:128 

1:128 

1:30 

1:100 

IS 

Ictero — traces 

Grippotypliosa — traces 

1:128 

1:128 

1:130 

1:100 

10 

Ictero 

1:64 

3:64 

1:10 

1:300 


Ictero, Lept. icterohaemorrliaglae. 


Grippotyphosa, Lept. grlppotyphosa. 

•These sera were from cases oC leptospirosis occurring in the Far East. They were dlag- 
noscil as the re.suit of agglutination-lysis tests. While a iliagnosis of the type of infection 
accompanied eacii specimen, no iiistory' of the casc.s or titer of the agglutination-lysis tests was 
avaiiabie. 

Vibrated and nonvibrated fractions of tiie same lot of leptospirac were 
titrated for sensitivity against positive ieptospiral sera. It was found that the 
vibrated preparations ivere approximately three times more sensitive than the 
nonvibrated preparations. 


DISCUSSION 

Onr results indicate that there is a parallelism between the strength of the 
complement fixing antibody and agglutinins. It should be pointed out that the 
indicated dilutions of the patient s serum in the complement fixation test should 
be multiplied b,r six to be comparable with the serum dilution in the agglutina- 
tion test. 

Although the complement fixation test employing antigens disintegrated by 
sonic vibrations does not readily differentiate Acpl camcola from Lept. ictero- 
hacmorriiaffiac infections, it does demon.stx'ate readily w’hetber or not either of 
these two types of leptospirosis is present. Sera giving positive reactions to the 
Wassennann tests and other diverse disease processes fail to react in the same 
manner as sera from proved cases of leptospirosis. If further differentiation 
is required, the exact species can be determined by agglutination and absorp- 
-• tion tests. 
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CONCLUSIONS 

A complement fixation test for the diagnosis of leptospirosis CWeil’s disease) 
utilizing antigens obtained from sonic-vibrated Icptospivac has been described. 

Sera from human cases of leptospirosis caused by Lept. ictcrohacmorrhagiac 
and Lepi. grippotyphosa reacted ■with Lept, canicola and Lepf. ieferohaemor- 
rhagidc antigens to titers regai*ded as specific for leptospirosis. 

The specificity of the complement fixation test for the t-wo species of Icp- 
tospirac occurring in the United Slates has been demonstrated. 

The value of this complement fixation as a simi>le routine laborator}* pro- 
cedure for the diagnosis of leptospirosis is discussed. It appears that comple- 
ment-fixing antibody might be detectable before agglutinins could bo demon- 
strated. 

Wc wish to thank Major F. D, Maurer and Fir«t Lieutenant T. S. Grafton for their 
valuable assistance in the technical detemiinations. 
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EXPERIMENTAL VASCULAR DISEASES DUE TO DESOXYCORTICO- 
STERONE ACETATE AND ANTERIOR PITUITARY EXTRACT 

I. COJIPARISON OP PUXCTIONAL CHANGES 

Georges SI. C. SIasson, Ph.D., A. C. Corcoran, SI.D., and Ie\hne H. Page, SI.D. 

Cleveland, Ohio 

I NJECTIONS of crude anterior pituitary preparations elicit in rats mor- 
phologic and physiologic changes similar to those caused by desoxycortieos- 
terone acetate (Selye, 1944). Hence Selj-e (1944) has suggested that the 
pathogenesis of hypertension, nephrosclerosis, periarteritis nodosa, and cer- 
tain myocardial lesions can best be explained on the basis of pituitary-adrenal 
activities. The postulated chain of events would be; stress anterior 
pituitary (ACTH) -> adrenal cortex (desoxyeorticosterone-like compounds) 
— > kidney, blood vessels, heart. The posited identification of the effects of 
anterior pituitary preparations with those of desoxycorticosterone acetate 
is lacking in detail. Thus hypertension was estimated either from heart 
weight (Selye and Stone, 1946) or from single direct measurements of carotid 
ai’terial pressure (Dontigny, Hay, Prado, and Selye, 1948). 

As part of a more definitive comparison, the present report embodies a 
survey of the functional effects of anterior pituitary pi'eparations and desoxy- 
corticosterone acetate accomplished by serial measurements of artei’ial pres- 
sure and water diuresis in groups of animals treated with these substances 
singly or in combination. Diuresis as well as blood pressure was a major 
criterion in the comparison because of the well-known diuretic effect of 
desoxjmorticosterone. Organ weights also were measured and compared. 

I. EFFECTS OF CRUDE ANTERIOR PITUITARY PREPARATION AND 
DESOXYCORTICOSTERONE ACETATE 

ExperimcnlaJ . — 

Sprague-Dawley female albino rats were fed a high protein diet (75 per cent Purina 
fox chow plus 25 per cent casein) and given 1 per cent saline solution as drinking water. 
Further “sensitization” (Selye, Stone, Nielsen, and Leblond, 1945) to the hormones was 
effected by unilateral nephrectomy. Rats were divided into four groups: Group I served 
as control; Group II received 2.5 mg. of desoxycorticosterone acetate (DOGA) a day; Group 
in, 30 mg. of a suspension of anterior pituitary powder (APP) ; Group IV, a combined 
treatment of DOGA and APP at the same dosage levels as in Groups II and III respectively. 
Group rV" was added in order to see whether the two hormonal preparations would act ad- 
ditively or sjmergistically. 

The steroid was suspended in water in a concentration of 10 nig. per cubic centimeter. 
Tlie anterior pituitary powder, prepared bj' lyophilization of cattle glands, was suspended in 
a concentration of 50 mg. per cubic centimeter in 1 per cent saline containing 10 per cent of 
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Educational Institute. 
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alcohol and filtered through gauze. The {solution was kept in the icebox aud made up weekly. 
Injections were begun immediately after unilateral nephrectomy. Tlic animals uere placed 
in metabolism cages in order to measure diuresis. 

Blood pressure was measured by the plethysmographic method of Williams, Harrison, 
and Grollman (1039) as modified bj* Kempf and Page (1942). Each value recorded is an 
average of two to three close consecutive readings. Eeproducible results are obtained in 
nonanesthetized rats under the following conditions. (1) Animals are kept constantly at 
a temperature of about 30* C.j (2) at the time of the determination, each rat is placed 
in a constant temperature (40* C.) box for a period of three niinute.*?; and (3) the tail is 


DIURESIS 



Fjj-. 1.— Effect of desoxj corticosterone acetate and anterior pituitary preparations on urine 

formation. 

compressed and emptied of blood in the plethj-smograph just prior to increasing pressure in 
the air cuff. From repeated observations on 132 rats, blood pressure was found to vary from 
70 to 130 mm. Hg (average 99) with OS per cent of the animals in the 90 to 110 mm. Hg 
range. Some of these measurements were compared with those of an electrically recording 
plethysmograpli (Olmsted, Corcoran, Glasscr, and Page, 1948) from time to time, as a further 
check. 

Unless otherwise stated, animals were sacrificed on the sixty-first day and autopsied: 
heart, kidney, ovaries, and adrenals were weighed and sectioned for histologic studies after 
fixation in Zenker’s solution. These detailed histologic observations will be the subject of 
another paper. 

Bcsults . — 

Observations summarized in Pigs. 1 and 2 and in Table I are averages of 
two series of experiments in which the mean initial body weights of the rats were 
respectively 103 and 219 grams. Results were the same in the two series, so 
that they are reported jointly. Weights of heart and adrenals are expressed 
in milligrams per 100 grams of body weight and Iddnej' weights in milligrams 
per 100 sq. cm. of body surface. The body surface was calculated according to 
the formula : S. A. = Wt. O.GG x 11.23. 
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Table I. Effects op Desoxycorticosterone Acetate (DOCA) and Anterior Pitditaey 
Preparation (APP) Alone or in Combination 


GROUP 

NUMBER 

OP PwATS 

MEAN BODY 

WEIGHT 

CHANGES 

HEART 

(MG./lOO GM. 
BODY WEIGHT) 

ADRENALS 
(MG./lOO GM. 
BODY WEIGHT) 

KIDNEY 
(MG./lOO CM.2 
BODY SURFACE) 

1, Control 

21 

+43 

-310 (270-370) 

27 (23-30) 

315 (286-343) 

11, DOCA 

20 

+17 

425 (380-4S0) 

30 (21-37) 

513 (426-573) 

III, APP 

32 

+47 

402 (250-540) 

77 (40-99) 

515 (328-675) 

IT, DOGA + APP 

17 

-15 

505 (352-608) 

04 (38-83) 

587 (318-683) 


Growth; As seen from Table I, all animals gained weight except those of 
Group IV which received combined treatment with DOCA and APP. In this 
gi'oup, weight loss was noticetable from the beginning of the experiment; the 
rats liecame shabby and asthenic, lost interest in food, and began to die around 
the twenty-first day, so that this experiment had to be terminated on the twenty- 
ninth day. This effect is surprising because DOCA alone produced a slight 
inhibition and APP a stimulation of growth. Presumalily as a result of anti- 
hormone formation, the growth hormone effect of APP was much more evident 
around the twenty-fifth day than on the sixty-first day. 

Diuresis: Each point on the curves of Pig. 1 represents an avex’age of 
collections during a period of five days, so that indiiidual variations are 
eliminated and the curves accurately portray the trend in each group. The 
increase in diuresis in Group II (DOCA) appeal's very early and reaches a 
maximum around the thirty-fifth day. There is no difference in diuresis be- 
tween control and APP groups; urine formation in both increases slowly but 
regularly during thirty-five days and then levels off. It is interesting to note 
that maximum diuresis is reached at the same time as in the DOCA group. 
Quantitatively, the curve of Group II contrasts markedly with those of Groups 
I and III. 

Blood Pressure: klean blood pressures with individual extremes for Groups 
I, II, and III are represented graphically in Fig. 2. Blood pressure in the 
controls was stable during the firet six days, after which the trend was vai'iably 
and slightly upward. The DOCA group showed a definite rise in pressure 
after the tenth day which reached a maximum at about the twenty-fifth day, 
at which level it persisted. It is to be noted that all the animals in this group 
became hj'pertensive. In the APP group, the shape of the curve was raoi’e ir- 
regular; because of the small proportion of hj'pertensive animals, it never 
reached values as high as in the preceding group. Onlj’ nine rats out of thirty- 
two in Gi'oup III had pressures higher than 150 mm. Hg. and out of these nine, 
the two most hj-pertensive showed pressures of 190 and 195 mm. Hg respectively. 
These last two rats died on the fortieth day; this accounts in part for the de- 
crease in pressure mean after this time. In this group, pressures in some 
animals were always within the normal range. This contrasts with what oc- 
curred in the DOCA group. 

We have not gi-aphed here the blood pressures of Group IV (DOCA and 
APP) because this experiment terminated on the twenty-ninth daj'. Also, the 
curve did not differ significantly from that of Group II. The mean blood 
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pressures were: day 0, 93 mm. Hg; day 6, 115; day 12, 140; day 17, 147; and 
day 29, 161. Thus the combined treatment had no more effect on blood pressure 
than DOCA alone. 

Organ Weights; Heart weight was greater in all experimental groups than 
in the controls, but did not hare any consistent relationship to blood pres- 
sure levels. Thus mean heart weights in Groups II and III were the same, al- 
though the terminal blood pressure averages were, respectively, 190 and 127 
mm. Hg. Similarly, kidneys were heavier in the experimental than in the 
control groups, although growth hormone was administered to Group III 
only. Adrenal weights were increased in Groups III and IV but unchanged 
in Group II. The absence of atrophy in Group II was probably due to the 
low dose of DOCA administered. The adrenal stimulation in Group III is 
consistent with a relationship between adrenocortical activity and high blood 
pressure ; indeed, it was noticed that the animals presenting the most hyper- 
tension were those with the heaviest adrenals. However, closer examination 
of these glands frequently revealed hemorrhages and necrosis. 

Stmmary . — 

From these experiments we see: (1) with regard to blood pressure, that 
the effects of DOCA and APP differ significantly in that hypertension is more 
severe and much more consistent with DOCA than ^th APP, (2) concei'ning 
diuresis, the expected increase is observed Avith DOCA ; administration of APP 
does not have this effect, (3) that combined treatment with APP and DOCA 
has no additive or synergistic effect and is in fact rapidly lethal. From this 
it seems that the mechanisms of the action of DOCA and APP are basically 
different. However, before concluding, the effects of APP must be examined 
in more detail. 

II. EFFECTS OF PARTIALLY PURIFIED ANTERIOR PITUITARY EXTRACT 

With APP, the maximum rise in mean blood pressure was obtained around 
the twentj'-fifth to the fortieth day and was followed by a decline. Also, a 
certain degree of resistance and adaptation occurred, evidenced by a decrease 
in body growth and ovarian weight, toAvard the end of the experiment. There- 
fore, it seemed possible that the effects of APP might have been altered by the 
action of antihormones. To evaluate this possibility, the following experiment 
was devised in which rats ivere given progressively increasing doses of pitu- 
itaiy hoi’mones. 

Experimental . — 

Female albino rats neigliing between 106 and 138 grams (average, 124 grams) were 
fed a high protein, high sodium diet and were partially nephrectomized. Thirty-six animals 
were divided equally into three group.s: Group I served as control; Group II received sub- 
cutaneously the suspension of anterior pituitary powder (APP) ; Group III received an al- 
kaline anterior pituitary extract (APE). This last group was added in order to test the hyper- 
tensive properties of a partially purified anterior pituitary extract, since it has been claimed 
(Hay and Seguin, 1946) that such preparations cause less kidney damage than crude APP. 

This extract was prepared by bringing a water suspension of lyophilized anterior pitu- 
itary powder to pH 9 with dilute NaOH. The mixture stood overnight at 10° C. ; it was 
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centrifuged, the precipitate discarded, and the pll of the supernatant adjusted to 7 ivitli 
dilute acetic acid. Tlie volume of this solution was adjusted so that 1 c.e, contained the 
equivalent of 80 ing. of the drj’ powder. 

Aninmls of Groups II and III received during the first tliirteen days a daily dose of 
20 mg. of powder or its equivalent in extract in two injections; the dose was raised to 40 
ing. or equivalent until the twenty-third day, and to 60 mg. until the fiftieth day of the ex- 
periment, at nhieh time the animals were s.acrifieed and autopsied. 

Results . — 

Effects on lilood pressure arc summarized in Fig. 3. In the control group 
again, the blood pressure had a tendency to increase slightly during the 
thirteen days and then to remain relatively stationary. This confirms the 
observation of Grollman (1946) who noticed a rise in blood pressure following 
unilateral nephrectomy and administration of NaCl. The blood pressure 
curves of Groups II and III do not differ significantly; as in the former series 
with APP, the pressure rose rapidly during the first fifteen to twenty clays, 
then tended to level off. In contrast to our former series with APP, all of 
the animals showed some increase in pressure, although many were no higher 
than in the control group. There were few animals with pressures higher than 
150 mm. Ilg; of these there were two rats in Group II (154 and 17G mra. Hg) 
and three rats in Group III (150, 185, and 186 mm. Hg). 

Organ weights are summarized in Table IT. In accordance with the hy- 
pothesis that antihormonc activity might be overcome by increasing doses of 
hormones, a sustained stimulation of body growth persisted to the end of the 
experiment, witli no difference between Groups 11 and III. Heart weights 
were not significantly different in the three groups. Kidneys were heaviest in 
Group II and heavier in Group III than in Group I. Stimulation of adrenal 
growth occurred only in Group II. - 


Tadi.k II. Costr.\R.\Ti\'E Effects of CnuoE (APP) and Partiai.i.y Purified fAPE) 
Anterior Pituitary PrefafvATion 


GROUP 

I BODY WEICnT 

HEART 

(MC./lOO GM. 
BODY weight) 

ADRENALS 
(MG./lOO GM. 
CODY WEIGHT) 

KIDNEY 
(MC./lOO CM.2 
BODY SURFACE) 

1 INITIAT. 

1 FINAL 1 

I, Control 

127 

183 

320 

23 

290 


(120-136) 

(155-225) 

(284-405) 

(20-26) 

(202-358) 

IT, APP 

123 

237 

330 

33 

456 


(106-138) 

(228-245) 

(289-428) 

(26-46) 

(303-671) 

III, APE 

124 

230 

346 

25 

384 


(118-138) 

(210-2S0) 

(312-428) 

[18-40) 

(297-665) 


The lack of adrenal stimulation in Group III (APB) can be explained 
partly by the removal of impurities from the original powder which would 
act as nonspecific damaging agents in Group IT. The difference in the con- 
tent in impurities between APP and APE was evident at autopsy: abscesses 
in subcutaneous tissues were present only in APP-troated rats. Farther, the 
relatively low content in adrenocorticotrophiii of beef pituitaiy is well known. 
The comparative adrenal weights and blood pressures in Groups II and III 
show a clear dissociation of these functions. Furthermore, increased adrenal 
weight does not imply increased function, since the adrenals weighing more 
than 100 mg. were ^ry often hemorrhagic or necrotic. 








IIOItMOXES AND VASCUtAK DISEASES 


1423 


Summary . — 

These facts dciuonstrate n lack of relationshi]> bctu'oeii atlrenal groAvth 
and blood pressure les-cl sviiicli contrasts with observations in animals given 
erado Al’P. It follows that the effects on blood jn-casure of APP may not be 
wholly the result of adrenal stimulation. Rather, with crude Al’P the changes 
in blood pres.sure and adrenals although coneniTent may be unrelated, 

DISCUSSION 

IIyperten.sion following DOCA treatment has been observed in rats 
(Sclyc, Hall, and Rowley, 1943; Green, 1948; Priedmau. Policy, and Fried- 
man, 1948). AVhile Knowlton and co-workcr.s (194G) have reported normal 
blood pressure in rats treated for ten weeks with 2.5 mg. of DOCA dail,y and 
given 0.2 per cent saline solution as drinking water, tliis apparent inactivity 
can be attributed to an insnnicient supjjl.v of sodinm. In our e-Kperinienfs, 
the s.aine amount of DOCA plus 1 per cent .saline solution uniformly produced 
severe hypertension within a period of tlirec weeks. Actually, the amount of 
DOCA utilized wa.s less than 2.5 ing., for, at autopsy, .small deposits of erystal- 
lino material were stilt vlsilile at the sites of injections. Hypertension can 
therefore be clieited liy DOCA ns long as the animals arc given a high sodium 
diet. 

Injection.s of anterior pituitary preparations stimulate physiologic body 
and organ growth when given in eonjunetion with a normal diet {Selye and 
associates, 1945) ; however, pathologic changes (hynUnizntion and enlarge- 
ment of glomenili, liyaline easts, arteriolonecrosia) occur if the animals are 
partially nephrectomized and maintained on a high protein and sodium diet 
(Selye, 1944). The latter changes arc accompanied by a I'ise in blood pressure 
which in our e.xpcrienee seldom renehes tlic levels obtained following DOCA 
treatment, experimental perinephritis (Page, 1939), compression of the renal 
artery (AVilson and Byi’om, 1941), or partial renal infarction (Loomis, 1940). 
Severe pathologic changes and hypertension arc seen only in some of the ex- 
perimental animals, even though large doses are given to all. This is not in 
accord with the knowm dose-responses of either steroid or protein hormones. 
Tlie question arises; Are the patliologic effects of anterior pituitary hor- 
mones ti-uly hormonal or do they represent nonspccifie effects of foreign pi-o- 
teins or some combination of these actions’ 

Selye (1944) postulated from ob-servations in rats that anterior pitu- 
itary preparations act through the adrenals by releasing DOCA-like com- 
pounds, However, a variety of obseiwations made in rats tends to negate this 
\'iew. (1) Recent studies indicate that it is the zona glomerulosa and not the 
cortex as a whole which supplie.s the liody with DOCA-like compounds 
(Sara.son, 1943; Creep and Deane, 1947). (2) The zona glomerulosa doc.s not 
atrophy following hypophysectomy (Smith, 19,30). (3) The activity of the 

glomerulosa depends in part at least on the Na/K ratio of the blood (Deane, 
Shaw, and Greep, 1948; Nichols, 1948). (4) Anterior pituitary preparations 

and stre.ss stimulate the inner zone of the aclrenooortex wliich is considered 
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to be the site of production of glucoeortieosteroids (SAvann, 1940; Nichols, 
1948). (5) There is no proof that glucoeortieosteroids have blood pressure 

raising properties in normal animals. (6) Adrenocorticotrophin and adreno- 
cortical extract tend to decrease blood pressure in hypertensive rats (Cor- 
coran, 1948). Finally, (7) our present observations show a lack of similarity 
between DOCA- and APP-indueed hypertension and a dissociation between 
adrenal Aveight and blood pressure level in rats given APE. 

Thus we recognize and confirm but cannot fully explain the hypertension 
caused by DOCA in rats. That this may be a renal hypertension is suggested 
by its consistent association with renal lesions. We also confirm the fact 
tliat hypertension can be produced in rats bj’ injections of APP. However, the 
view that this hypertension is caused by excessive secretion of DOCA-like 
compounds from the adrenal is not supiiorted bj' our data. As to its mech- 
anism, we again point to its association with renal lesions. 

The factors which produce these lesions are probablj’- multiple. In the 
rat, conditions such as high pi-otein diets ndiich greatlj^ increase the renal 
functional load can result in morphologic lesions (Blatherwick and Medlar, 
1937). The renal lesions caused by APP can thus be attributed to the com- 
bined effect of a diet rich in protein and sodium, which places a great func- 
tional demand on the kidney, and hormonal factors which stimulate renal 
growth (growth hormone, thyrotrophin, possibly a nephrotrophin^'^) (Selye, 
stone, Nielsen, nad Leblond, 1945; White, Heinbeeker, and Rolf, 1949). If 
it can be accepted that a cell does not function effectively during mitotic 
fission, it is clear that these superimposed factors will result in a relative 
renal insufficiency. And, under other conditions of renal insufficiency, such 
as subtotal nephrectomy (Chanutin and Ludwig, 1939; Addis, Barrett, LeAV, 
Poo, and Yuen, 1946) or serum nephritis (Smadel and Parr, 1939), high pro- 
tein diets are known rapidly to precipitate morphologic regression. Another 
mechanism of renal damage may be the foreign proteins contained in the pitu- 
itary preparations, since injections of irroteins are known to cause degen- 
erative renal lesions in rodents (Masugi and Sato, 1934; Oberling, 1943). 

SUMMARY AND CONCLUSIONS 

1. Desoxycorticosterone acetate (DOCA) and anterior pituitary prepara- 
tion (APP) were tested in unilaterally nephrectomized female rats fed a high 
protein and a high sodium diet. 

2. DOCA (2.5 mg. a daj") elicited hypertension in all animals; APP had 
this effect in only a relatively small proportion of animals tested. Combined 
treatment with DOCA and APP had no more effect on blood pressure than 
DOCA alone ; rather, the animals ra])idly sickened and died. 

3. DOCA caused severe diuresis, while control and APP-treated groups 
showed onlj’ a slight increase in urine formation at the beginning of the ex- 
periment. 


We suggest tl is term as etymologically preferable to the term ‘Venotrophin.' 
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■i. In I'/iis treatet) with enule API* there is an association hetween hypci'- 
t elision aiul increased adrenal weights. But these large adrenals arc often 
hemorrhagic or neerotie. Tiie relationship of adrenal weight to blood pres- 
sure disappears when animals are treated with a partially purified APP ex- 
tract. 

5. The hypothesis that APP hypertension in rats depends on hypersecre- 
tion of DOCxVdihe compounds thus appears unlikely. 

The auPiors are in<1eht0(l to Dr. E. ITenilcrson of the Schering Corpoiatjoii, BlooiB/3cld, 
K. .T., for the dmxycortieoateronc ncetiite wsed in this Rtu<ty. 

The lyophilized pituitary powder was obtained from Deshergers laboratories, Montreal, 
Canada. 

Our thanks also to Mis*: L. Hunter for teclmical assistance. 
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RETROGRESSION OF ATHEROSCLEROTIC LESIONS ON CESSATION 
OF CHOLESTEROL FEEDING IN THE CIHCK 


Louis IIorltck, M.D.,* and Louis N. Katz, M.D. 

CiiicACo, III. 

D espite the multitiule of experiments in which cholesterol has been fed 
to many species in order to induce atherosclerosis, little is actually known 
concerning: the natural history of the lesions so produced. The observations 
recorded in the literature are few and fragmentary,*’® based on small groups 
and in some instances on individual animals. In view of the large volume of 
work in the field of experimental atherosclerosis, the need for a standard 
base line for comparison is imperative. "With this end in view, we have already 
reported on the relationship of atheromatosis to the amount of cholesterol 
added to the diet in the chicken.® AVe demonstrated a semiquantitative rela- 
tionship between the per cent of cholesterol in the diet and the duration of 
feeding, on the one hand, and the severity of the resultant atheromatosis on the 
other. It was found that for concentrations of dietary cholesterol above Vo 
per cent there was no increase in the degree of atherosclerosis upon prolonging 
the feeding period from ten to fifteen weeks. AVe therefore decided to investi- 
gate the effects of cessation of cholesterol feeding on the hypercholc.sterolemia 
and atherosclerosis resulting from moderate iieriods of cholesterol feeding. 

METHODS 

Oao JjuHtlrod and fifty-five 6- to white Icghori) rackerets were placed on n 

diet of eliick starter nmsh cnncijcd with 2 per cent cholesterol in 20 per cent cottonseed oil 
and fed nd libitum. In our experience, when given for ten weeks this diet produces athero* 
sclerosi.s in 100 per cent of cliick?.« 

After ten weeks of feeding, the surviving cholesterol-fed clucks were subdivided into 
three groups. Thirty-one chicks continued to receive cholesterol for an additional fourteen 
weeks. Twenty-five were placed on a diet of chick starter mash, and the third group of 
twenty-five received specially prepared masht from which the fat and chole.sterol had been 
extracted by a commercial degreasing process. By this means the fat content of the mash 
was reduced from 4.5 per cent to 0,2 per cent, and the cholesterol from approximately 100 
mg. per cent to 0. Vitamin supplements and sucrose were added to make tliis diet equivalent 
in caloric value to normal mash.^ Twenty-six control clucks wore maintained on comraoicial 
chick starter mash throughout tlic entire experimental period. 

Chicks were sacrificed at the conclusion of the ten-week period of cholesterol feeding 
and at intervals of three to four weeks thereafter. Because of spontaneous dqaths among the 
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flock, it WHS not possible to aclhore to a rigid schedule of sacrificing. However, attempts wore 
made to obtain comparable samples from all the groups. All birds were autopsied, the organs 
inspected and the hearts and aortas dissected out en bloc, opened, and graded for extent and 
severity of atheroselerosi.s. A sketch of the lesions was made on a specially prepared form, 
and they were graded 0 to 4 on the basis of criteria in u.se in our laboratory.*! The thoracic 
and abdominal portions of tlie aorta were graded separately but have been combined in our 
tables for simplicity in presentation. Tissues were preserved in formalin. Sections were 
taken from the most severely involved areas in the aorta of each bird, and wherever possible 
specimens were taken from both the thoracic and tiic abdominal aorta. Hematoxylin and 
cosin stained specimens and frozen sections stained with Sudan IV were prepared and studied. 

Blood was drawn from the alar vein for cholesterol determination by the method of 
Schoenheimer and Sperry.® Samples were taken at five and ten weeks after commencement 
of the experiment, and then at weekly and biweekly intervals until the conclusion of the 
experiment. 


RESULTS 

*1. Morphologic Ohservafions in ilic Varionc Groups . — It seemed a worth- 
while procedure to discuss the morphology in some detail because (a) this is 
the longest period of cholesterol feeding undertaken in the chick, along with an 
ecptally adequate group of controls for comparison, and (b) this is the first time, 
in a species other than the rabbit, that the oiiportunity lias been afforded for 
observations over an extended iieriod on the effects of cessation of cholesterol 
feeding on the arterial intima of the chick. 

Conlrols Jlcccivinr/ Ko Cholraterol Throvghoiil Study; Of the four control chicks which 
.sliowocl gross lesions, one had a lesion of the thoracic aorta alone, two had lesions of the ab* 
dominal aorta, and one had lesions in both portions of the aorta. Of the gross lesions, those 
in tiie thoracic aorta were flat, nonraised, whitish or light-yellow areas, varying in size from 
a few miliimetcrs to 1 cm. in fiteir greatest dimension. In tlie abdominal aorta the lesions are 
seen in a prominent ridge-like area lying between the renal arteries on the posterior wall of the 
aorta. They arc characterized by a light-ycHow staining of this area. Microscopic lesions 
were far more common. Nine out of twelve aortas from which frozen sections were made 
showed evidences of spontaneous atherosclerosis. The lesions have already been described 
fully i)y Dauberf and Chaikoff and associatcs,i>> and wc arc in full accord with their findings. 
Typical lipid deposits were found in the thoracic aorta in our cockerels. Microscopically' the 
hematoxylin .and eosin section.^ of thoracic aorta showed only scattered focal areas of loosely 
arranged ground substance which had almost the appearance of mucoid degeneration. These 
foci lay between the elastic and collagenous fibers of the intima and between the elastic 
laminae of the media. On frozen section, these areas were strongly sudanophile, and the 
stained material lay free in the ground substance (Fig. 1, A). Chaikoff and co-workers’o have 
examined these deposits under polarized light and believe them to be free of cholesterol, con- 
taining only fat, Patty material was most commonly found in the inner third of tlic media. 
The myocardium and coronary arteries were not involved in any way. The most striking 
cliahgcs were seen in the abdominal or muscular .section of the aorta. As described by 
Dauber,a the primary lesions were to be found in the ridge-like prominence in the interrenal 
region. The lesioii.s are characteristically fibrotic, being made up of collections of collagenous 
bundles and fibroldasts, with small to moderate amounts of sudanophile material in the depths 
of the plaques, usnally next to the intiraal-niedial boundary. An excellent illustration of such 
a lesion is Pig. 1., /(• 

fJird.v Maintained on S Per Cent ChoUsttro] Diet Throuytiont : The earlie.st gross lesions 
%vcre observed in the braehiocephalic vc.«.«cls and the elastic aorta (referred to iik the thoracic 
aorta). They appeared in the form of flat, nonraised, white or whitish-yellow areas never 
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wore tlvnn a few millimeters in diameter. This progressed to increasing tliicheniiig of the in- 
tiraa in. these regions and the appearance of more extensive, more deeply pigmented patches, 
which were striated or nodular in gross appearance. Progression led to severe involvement of 
almost the entire elastic aorta by either a confluent plaque or separate and extensive nodular 
or granular plaques. There was a clear line of demarcation at the junction of the elastic 
and muscular aorta. The aortic valves were frequently involved with henry plaques of j'ellow 
material in the sinuse.s of Valsalva. The mitral valves showed pin-point lipid deposits in their 
substance. We again noted" that there is a definite time lag in the involvement of the ab- 
dominal portion of the aorta. The. interrcnal area is preferentially involved. Involvement 
ranged from slight yellow streaking to almost complete occlusion of the lumen of the aorta 
by massive deep-yellorv plugs. Isolated nodular involvement of tlm proximal portion of the 
iliac ves.sels rvas a common plienomenon. 

Slieroscopically, the least severe lesions consisted merely of some increased deposition 
of gray-blue ground substance betrveen the collagenous and reticular filrers of the intima. 
On frozen section and Sudan staining these areas contained moderate amounts of sudanophile 
material and. an. increased number of flirroblasts (Pig. 1, C). Sudanophile material could 
also be seen scattered lightly through the inner half of the media, hlost of the early lesions 
however consisted of foam cell plaques of varying degrees of severity — from a single layer 
of cells to veritable foam cell cushions, several layers deep. The fat-filled fibroblastic cells 
were nrrayed along vertieallj' di.spo.scd reticular fibers and their nuclei also were perpendicular 
to the intimal coat. 'Usually foam cells and an increased amount of intercellular ground sub- 
stance could be seen infiltrating tiie inner half to one third of the medial coat (Pig. 1, O)- 
The coronary arteries wore relatively uninvolved in these early lesions. As tlie period of 
cholesterol feeding was prolonged, more severe changes were seen in the thoracic aorta. The 
progression is not clear in all instances, i.e., .some lesions were seen at 140 day.s which, com- 
paratively speaking, w'ere no more severe than tliose seen at TO days. However, a number of 
very severe lesions were seen late in the feeding period. Hyaline and cartilaginous metaplasia, 
associated with breakdown of the foam ceil plaques, appears to be the first step. With time 
there is a disappeaiance of the well-formed foam cells, altliough ghost colls can be seen in 
the areas undergoing hyaline metaplasia. Typical cartilage does appear in the mid-depth 
of the plaque, wiiic.h eventually becomes heavily i)asophiIic and in some instances undergoes 
extensive calcification. In some sections there is actual breakdown of the centers of the foam 
cell plaques with the formation of “abscesses” containing necrotic debris, fragments of 
nuclei, free fat, cholesterol crystal clefts, and heavy deposits of calcium in granules or plates. 
In the heavier foam cell plaques which remain intact, numerous fine vasa may be seen com- 
mnnicating with the lumen, and endotheliulized spaces were found resembling vasa which 
are fdled with foam cells, loose and in clumps (Fig. 2, Al, 

The media is involved in all instances, particularly iu its inner half, \)y infiltration of 
foam cells and free fat. Where the intimal lesions are very severe, there may be severe at- 
tenuation of tlie underlying media. Involvement of tlic coronary arteries is common in as- 
sociation witli severe aortic atberomatosis. Foam cell plaques may be seen partially or com- 
pletely occluding the lumina of small arterioles. Some of the lesions also show associated 
calcium granule dcpo.sition. Fig. 2, C shows a coronary arteriole severely narrowed by foam 
cells with a heavy plaque of calcium almost completely replacing the underlying media. 

The thoracic aorta therefore shows a spectntm of changes extending from 
minimal deposits of fat and cholesterol in the ground substance to extensive 
foam cell plaques, atheromatous abscesses, hyalinization, cartilaginous meta- 
plasia, and calcification. 

There appeared to be little or no correlation between the severity of the lesions in the 
thoracic aorta and those in the abdominal aorta. Early lesions in the abdominal aorta were 
of two tvpes. One group was indistingui.>-hable from those of the “spontaneous ” type which 











F’lR :.’ — «l. |iir<l 188, oil c^Io^c*it<’^o^ fifteen a.ml on<-h.iff weeks SiHen* fDani ceiJ pJ.ique ot 
thoracic aortn. Note Nasa vasonim contiiimnR led blood cells, ami also the endothelialized 
spaces filled A\ith foam cells, discrete ami in clumps. (Xl20, hematoxylin ami eosln.) 
H Bird 169. on cholesterol tlurleen and onc-haff weeks Ati\anced lesion of thoracic aorta 
Note superficial lajer of dense oonneettvc tissue, benenth which is a wide zone of cartilaginous 
metaplasia xvuii nunierovis foci of calcification. InvoBes inner onc-lhird of media as well ns 
intlnui (Xl20, hematoxylin and eosin ) C. Bird 479. on cholesterol sexontoen weeks Severe 
nanowme of lumen of coronaiy nitcrv bv foam cells There is a heavy plate of calcium almost 
completelj repUxemg the underlying media {Xl20. hematoxylin and eosin.) D, Bird 191, on 
cholcstciol twent>-tour weeks. I.K;sion of abdominal aorta shows RUperflelal layer of dense 
fibrosK with much hpld and “abscess formation" in the depths of the plaque. (Frozen section, 
Xl2f). jsuiiflfi IV ) 
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were seen in the controls, i.e., they were characterized by fibrotic ehanf;cs with small amounts 
of suclanophilc material and calcium granules in the verj' depths of the plaques along the in- 
timal medial l)Oundary. A second group likewise showed severe librotie changes, but was 
characterized by the presence of a considei'ablc amount of lipid and cholesterol crystals and 
calcium throughout the j)laque. Small atheromatotis “abscesses” may be seen lying deep 
beneath a fairly iieavy collagenous and fibroblastic coat (Fig. 2, U). With progression of the 
cliole.sterol feeding, tiie latter type of lesion predominates and becomes more severe, A tliird 
type of lesion becomes apparent as tlse period of feeding is prolonged. Tins lesion is very 
extensive both vertically and liorizontallj- — it is several times tlie thickne.ss of flic uninvolved 
vessel wall. The surface of this lesion is coated by a fine layer of collagenous fibers, with 
few filnohlastic nuclei. Rcneath tliis lic.s a deep layer of structureless gray-blue ground 
.substance containing some foam cell ghosts, numerous cholesterol crystal clefts, and many 
calcific granules. The homogenous ground .substance is usually intersected by fine strands 
of collagenous fibers, giving the impression of periods of accretion and quiescence. The deep- 
est laycr.s show an increased number of cholesterol crystal clefts and heavier deposits of 
calcium both iu granules and in plaques. The media is partially or completely obliterated 
and replaced by a thin layer of fibrous connective ti.ssue (Fig. 3, A). 

It seems, therefore, that the lesions produeed by cholesterol feeding in the 
abdominal aorta are superimposed on and/or accelerate the evolution of the 
so-called “spontaneous” lesion. The prcssence of dense fibrosis in the less se- 
vere lesions and the relative paucity of fat are probably a manifestation of the 
body’s defense against the deposition of cholesterol and fat. When this re- 
sistance is overwhelmed, one probably sees the massive structureless lesions 
described. 

Birds on Cholesterol for Ten TT'ccks end Then Placed on Low Fat or Ordinary 2lash 
Diet: Grossly and nucroscopically the group in which cholesterol w.as replaced by ordinary 
mash was essentially similar to the group placed on the low fat diet. 

Grossly, the le.sions seen in thi.s combined group differed little in point of appearance 
from tliose seen in tlie group maintained on cholc.storol throughout. However, they tended 
to bo less yellow and to have a whiti.sh tinge. They were definitely less o.vtensive and less 
severe. Both the thoracic aorta and tlie abdominal aorta appeared dull-white and thickened 
in a number of instances, but showed little or no involvement with atheroma. Microscopically, 
up to seven weeks the lesions were not markedly different from those seen in cholesterol-fed 
birds sacrificed at the time of division or shortly thereafter. There was moderate thickening 
of tlie intima by an increase in ground substanec, and there was cellular and foam cell pro- 
liferation. The lesions of the ululominal aorta were principally fibrocellulnr with deeper por- 
tions of the plaques containing abundant fat, cholesterol cry-stals, and fine particles of cal- 
cium. From seventeen to twenty-four weeks the soveritj- of the intimal lesions was loss — 
fibrocellulnr thickening of the intima was more common and foam cells were less frequently 
seen. However, occasional lesions persisted which were quite severe. One chick showed a 
heavy foam cell plaque at seventeen wcek.s; another showed hyaline metaplasia at nineteen 
weeks, and a tliird showed iieavy caleificution at nineteen weeks. On the whole, however, in- 
timal thickening in tiie thoracic aorta, when present, was principally fibrocellulnr in charac- 
ter (Fig. 3, B). An interesting phenomenon was observed in those chickens which had been 
longest on the low fat diet (i.e., had had the longest respite from cholesterol feeding). Lying 
directly beneath the slightly fibrosed intima were large globular cells filled with fat. They 
could be made out individually and seemed to be migrating toward the lumen (Fig. 3, C), as 
if they were scavengers carrying fat and debris out of the lesion into tlie lumen of the vessel. 

The abdominal aorta was charactcrizeil by two types of lesions: (1) a predominantly 
fibrotic lesion probably of the so called spontaneous variety with little .sudanophile material, 
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Fiff. 3. — A, Bird 488, on cholesterol for fifteen weeks Very severe lesion of abdominal 
aorta. Surface of lesion is coated by a thin layer of connective tissue, beneath which lies a deep 
layer of ground substance Intersected by fine collagenous strands and containing cholesterol 
crystals, calcium granules, and foam cell ghosts. (X120, hcmatoxjlin and cosm.) B, Bird 
63, on cholesterol for ten weeks and then on ordinar>' mash for fourteen weeks. There is \ery 
minimal thickening; of the intima of the thoracic aorta which is flbrocellular m character. 
(Xl20, hematoxylin and cosm.) C. Bud 97, on cholesterol for ten weeks, then on ordinary 
masli for fourteen weeks Note globular sudanophilc masses Immediately bencatli endothelial 
lining of \esse1. Also scattered sudanophile granules in the remainder of the intinia. (Frozen 
section X480. sudan IV.) D, Dirt! 147, on cholesterol for ten weeks, then on special low fat 
diet for five weeks Note atheromatous "abscess'’ cav'it> .surrounded by flbrocellular connec- 
tive tissue. (Frozen section, X120, sudan IV.) 
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and (2) moi-e severe lesions showing heavy fibrosis but also severe residual deposits of sudan- 
ophile material and calcium. The latter probably represent the evolution of the second type 
of early aljdoniinal lesion seen in the continuing cholesterol feeding. Fig. 3, D is an illus- 
tration of one of these. It shows marked thickening of the intimal surface with fibrocellular 
connective tissue and partial obliteration by fibrous tissue of an atheromatous abscess. The 
cavities contain sudunophile material and heavy deposits of calcium. The underlying media 
shows some fibrosis. 

In snmraaiy, cessation of cholesterol feeding and the institution of a low 
fat or normal mash diet were followed bj' fibrotie changes in lesions of both 
the thoracic and abdominal portions of the aorta, by the disappearance of foam 
cells, and by calcification of atheromatous abscesses. AVe also have noted the 
presence of scavenger-like cells in the intima. 

B. Summary of Data on Degree of Atherosclerotic Lesions in Various 
Groups. — Table I summarizes the average gross gradings in the various groups 
for the entire duration of the experiment. The base line value of the severity 
of lesions at the end of ten weeks of feeding with cholesterol is based upon all 
chicks, both experimental and control, which either died or were sacrificed. 
Also included in this base line group are three birds from the low fat mash 
group and two from the plain mash group which died during the first week 
following division of the groups. The average gross grading for the eighteen 
chickens in this group was 2.5, which compares favorably with values re- 
ported by us in a previous experiment.'’' 


Table I. Averaoe Gross Graiuxo op Aortic Atherosclerosis ix Ai,l Groups for Entire 

Duration op Experiment 


1 

TIME FROM 1 
IlEGIXXIXfl or 
EXPERIMENT i 
(WK.-) 1 

ON 2% cholesterol diet for 10 weeks and 

THEN continued ON 

CONTROLS ON 
PLAIN MASH 

• 1 % cholesterol 

LOW FAT DIET 

PT.AIN MASII , 

NUMBER AVERAGE 
OF BIRDS GRADE 

NU MBEU AVERAGE 
OF BIRDS GRADE 

NUMBER AVERAGE | 
OF BIRDS GRADE | 

NUMBER AVERAGE 
OF BIRDS GRADE 

9 to 11 

12 to 14 

15 to IS 1 
19 to 22 

22 to 24 

IS* 2.5 

G 4.1 

11 4.3 

4 4.3 

4 5.9 

0 2.7 

4 2.1 

7 1.1 

5 0.5 

1 

12 2.4 

4 l.S 

3 3.5 

4 1.0 

2 0 

5 0.05 

5 0.05 

2 0 

12 0.1 

Total 

43 

22 

23 

26 


♦Includes seven chicks wliicli died in the week prior to separation of the groups and 
tliree from the low fat and two from the plain mash groups which died during the first week 
after separation of the groups. 


Continued Cholesterol Feeding: This is be.st visualized in Fig. 4. The 
average gross grade rose from 2.5 at the time of division (ten weeks) to 4.1 for 
the periods fifteen to twenty-two weeks, and then rose to 5.9 for the period 
twenty-three to twenty-four weeks. There was, therefore, an early rapid rise 
in severity of lesions, then a tendency to level off after fifteen weeks of choles- 
terol feeding, and finally a further rise after twenty-two weeks of cholesterol 
feeding. 

Normal ?Iash: Placing cholesterol-fed birds on a diet of normal mash re- 
sulted in a gradual decline in the extent and severity of the atherosclerosis. 














RETKOGRCSSIOX OP ATHEROSCLEROTIC LESIONS IN CHICKS 


143;*) 


This is l)est seen for tlic ])crio(ls fifteen to eighteen weeks and twenty-three to 
twenty-fonr weeks, where the average values obtained were 1.8 and 1 re- 
spectively. For the period eighteen to twenty-two weeks a value of 3.5 was 
ol)tained. This average was constructed from data from three chicks, one of 
which had very severe lesions. On the whole, however, the trend toward de- 
creasing severity of the lesions was unmistakable. 


AVERAGE 

GROSS 

GRADING 


AVERAGE GROSS GRADING OF ALL CROUPS FROM TIME OF DIVISION OF GROUPS 
TO CONCLUSION OF EXPERIMENT 


-2% CHOL-DIET 
- PLAIN MASH DIET 
-LOW FAT MASH DIET 


TIME OF 
DIVISION 
OF CROUPS 


/ 


/ 




X" 


/■ 




/A 
./ \ 


\ 




TIME- WEEKS 

Fig. 4. — -Avorage gross grading of all groups from the time of division into groups to the 
conclusion of the experiment. 


Low Fat: The group of cholesterol-fed birds placed on a low fat, choles- 
terol-free diet gave values tvliich closely resembled those obtained in the group 
of cholesterol-fed birds placed on ordinary mash, hut the decline in the se- 
verity of the lesions was somewhat more marked and was consistent for all 
time periods. The decline first became evident at the fifteen to eighteen weeks 
period and was most noticeable during the eighteen to twenty-two and twenty- 
three to twenty-four week periods, where average gross values of 1-1 and 0.5 
were recorded. 

Combining the low fat and normal mash groups gave ns a more adequate 
set of a\'erages. Again a progrc.s.sive decline in the severity of the lesions ivas 
apparent. 

Controls: The control group which received normal mash with no added 
cholesterol over the entire period was remarkable for the paucity of grossly 
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aiseermble atheromatous lesions of the so-called “spontaneous” variety. Only 
four of the twenty-six controls showed grossly visible atherosclerosis. Two 
were graded at i/i, one at 1 / 2 , and one at 1. 

G. Blood Cholesterol Levels. — ^Fig. 5 illustrates the blood cholesterol levels 
for the various groups throughout the course of the experiment. The first 
and second determinations were made at five aiid ten weeks after commence- 
ment of the experiment. Thereafter blood cholesterol determinations were 


BLOOD 

CHOLESTEROL 
MG % 


2500 


BLOOD CHOLESTEROL LEVELS BEFORE AND AFTER DIVISION OF GROUPS 


2000 


1000 


500 


TIME OF 
DIVISION 
OF GROUPS 


/A 


' \ I 

' V 


/ 

/ 

A I 
/ V 




I 

\ 


\ 


CONTROLS ON PLAIN MASH 

2% CHOL. DIET 

AFTER DIVISION OF GROUP 

2% CHOL. DIET 

PLAIN MASH DIET 

LOW FAT MASH DIET 


A 


'X 


•N 


I ■ I I ■ I ' 

6 8 10 12 W 16 IS 20 22 

TIME - WEEKS 

Fig. 5. — Average blood cholesterol levels before and after divi.sion of birds into the several 

groups. 


made at weekly or liiweekly periods. The values for the 2 per cent cholesterol- 
fed birds showed a good deal of variation from week to week, but the trend 
on the whole was toward increasing levels. The last three determinations were 
2,629. 2,479, and 1,839 mg, per cent respectively. During the same period the 
hlood cholesterol level fell in the groups taken off the cholesterol diet. Within 
two weeks of cessation of cholesterol feeding, the blood cholesterol levels of 
the plain mash and low fat groups fell to 268 and 175 mg. per cent respectively 
(control, 100 mg. per cent). Within one more week the valites for both groups 
were hack in the normal range. The blood cholesterol levels of the controls 
showed no significant variation during this period. 

Iji summary, continued cholesterol feeding after ten weeks re.snlts in the 
maintenance and further elevation of the hlood chole.sterol levels, while cessa- 



liCTliOOHKSSlON OF ATHEBOSCI-EROTIC LESIONS IN CHICKS 


1437 


tion of eholcstenil fcoduis' leads to a very rapid fall of tlic blood eUolcstevol 
bark to normal levels. 

DISCOSSION 

The results obtained in the present study complement and extend our 
iirevious .studies on ehole.sterol-induced atherosclerosis in the eliieken. It is 
now clear that continuing cholesterol feeding in the eliick for iieriods up to 
six months results in ))rogrcssive aggravation of the atherosclerosis. This is 
not in accord with previous data reported hj- us for a much shorter experi- 
mental period.” Tiie progression is associated with a continued rise in the 
blood cholesterol levels. The speefrnm of miscroscoiiie findings resulting 
from continued cholesterol feeding is wide indeed, ranging from mere in- 
creases in amorphous ground snhstance to massive foam cell plaques, hyaline 
and eartilaginmis metaplasia, and heavy calcium de)>osits. tVe noted also the 
tendency for eholesterol-inducod lesions of the abdominal aorta to appear in 
an area n.sually involved in the '‘spontancoits” variety of the disease and 
apparently to accelerate and/or aggravate the normally occurring lesion. 

Cessation of cholesterol feeding after ten weeks resulted in a gradual 
decline in the severity of tlie lesions as judged by gross grading in both the 
plain mash and low fat groups. There was no es.sential difference between the 
two groups cither from a gross or microscopic standpoint, and they have heen 
combined for purposes of dfseiission (and in Table 1). Blood cholesterol levels 
fell to normal within three weeks of cessation of cholesterol feeding. Micro- 
scopically the lesions were characterized by diminution and disajipearanee of 
foam cell deposits, increasing fibrotic changes in both the alHlominnl and 
thoracic portions of the aorta, diminntion of gro.ssly stainable lipid, and 
lieavioi- oalcification. Some of the chickens sacrificed at tlie very end of the 
experiment showeil .so little gross or microscopic evidence of atherosclerosis 
that it may he assumed that the lesions in these birds had undergone comi>lete 
remission. In other liirds, severe filirosis, remains of atlicromatous absces.ses, 
and heavy calcification tended to suggest that there is a limit to the degree of 
atherosclerotic damage which can be repaired. 

Controls kept on ordinaiy mash showed only few gross lesions, hut the 
incidence of microscopie lesions was much higher. This is in accord with 
previous experience in this laboratory-” In corroboration of C'haikoff and 
co-workers, we found lipid deposits in the thoracic aortas of cockerels, 
a phenomenon reported l>y Dauber” only in hens. These lesions of the thoracic 
aorta are never eharaeterized by thickening of the intima or by foam cell 
deposits, but eonsi-st of small focal deposits of lipid material in the ground 
substance of the intima and inner portion of the media. In the abdominal 
aorta, the si>ontaneous lesions are eharacteristieally fibrotic nith far less stain- 
able lipid than in the eholesterol-indneed lesions. They are, however, veiy 
similar to some of the less severe lesions induced by cholesterol feeding, par- 
ticniarlv wlien the latter has been suspended for some time and the chicks have 
lieen returned to a normal diet. 
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Other investigators have made observations on the effect of suspending 
cholesterol feeding on the arterial lesions of the rabbit. Stuckey,' Krylow,- 
AVada,“ and Searff' \vere the first to report such observations, but their data 
is not very extensive. Anitschkow’* Avas the first to study the problem exten- 
sively in the rabbit. He found that following three to four months of 
cholesterol feeding, and the resumption of a normal diet, there resulted a 
gradual loss of lipids from the plaques. The latter lost their yellowish color 
and no longer stained with sudan. They presented a whitish and fibrous ap- 
pearance. He stressed, however, that this process was a slow one. The trans- 
formation of a large plaque rich in lipids into a plaque composed of fibrous 
tissue took two to three years, and even then small quantities of lipid could 
be discovered microscopically after sudan staining. Microscopically Anitschkow 
noted the gradual disintegration and disa})pearanee of the foam cell masses 
and their replacement by newly developing collagenous and elastic fibers 
and fibroblasts. He noted also the tendency for cholesterol crystals to persist 
long after the other lipids have been removed, and also the large quantities 
of calcium which were laid down in areas formerly occupied by atheromatous 
abscesses. He stated that if the development of the lipid deposits and the 
thickening of the intima had not reached a very considerable degree during 
the progressive period, all that was to be seen after resorption of the lipids 
had taken place was a slight fibrous thickening of the intima, sometimes con- 
taining a few cholesterol crystals, together with scattered lipid cells and 
globules of neutral fat. Anitschkow gave no data on the effect of cessation of 
cholesterol feeding on the blood cholesterol levels in the rabbit. Steiner,'^ 
among others, has observed that following the cessation of cholesterol feeding 
in rabbits the blood cholesterol levels fall vei-y slowly over a period of months. 
It is of interest that the resorptive changes seen in the rabbit, and described 
by Anitschkow and others, so closely resemble the changes seen by us in the 
chicken. It is also of intere.st that the rate of regression of lesions in the 
chicken is much greater than in the rabbit. These two features may well 
be related in an etiologic and pathogenetic sense, as will be discussed. 

The ability of the physiologic mechanisms to remove lipids from the 
arterial wall is not a feature commoii to the experimental animal alone. In 
man, Leary’s” excellent studies have thrown considerable light on the problem 
of the bodily defenses against the development of atheromatous lesions. Leary 
believes that a defense mechanism exists which removes excess fat and 
cholesterol from the arteries of youth and from the ascending aorta even in 
old age. The cholesterol is transferred from wandering lipid cells (foam 
cells) to fixed fibroblasts in which the cholesterol esters are split, anisotropism 
is lost, and the cholesterol is brought into solution in an excess of fatty acids. 
Solution is followed by its disappearance from the lesions. With the removal 
of the e.xccss ehole.stcrol, the lesions stop progressing toward atherosclerosis 
and subside. In youth this mechanism is adequate to cope with lipid deposits 
in the intima. As man ages his ability to remove cholesterol appears to 
dimini.sh, and atherosclerosis becomes severe. Increased deposition of collagen 
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and flense sear tissue with suhjacent collection ot fat is more eoniiiion. In 
old age. eluile.stenil removal mechanisms apjicar to cease, and foam cells ac- 
cumitlnte in masses, with inadequate nutrition and sniiport, and primary 
atheroimitous ahseess i.s tlic typical lesion. Further corroborative evidence on 
the resorhability of human lesions eomes from two source, s. Aschoff*' observed 
that atherosclerotic le.sions were rare in autopsy materia! during and after 
World AVar 1 in Oermnny— a period of severe famine and malnutrition, espe- 
cially with respect to fats, cholesterol, and proteins, llore recently AVilens*’ 
has noted that at necropsy .severe atherosclerosis is at least twice as common 
in obese as in nndernourislicd pemons 35 veal’s of age or over, lie found this 
relationshii) to be indeiiendent of se.s or the iire.sence or absence of diahete.s 
or hypertension. Severe or even moderate atherosclerosis was seldom found 
in those with protracted undermitrition. Tjc.ss severe athcroscloro.si.s w.is ob- 
served in those with wasting disea.se than in those with terminal weight loss, 
lie inferred from this data that resoi’iition of atheromatous lesions may occur 
during periods of marked weight loss. Histologically the most consiiicnouR 
diiTorcuee hotweeu the two groups lay in the amount of lipid in the intimal 
lc.sinns — there were le.ss lipids and fewer phagocytes in the intimal lesions of 
those with weight loss, 

Thus far we have discussed only the spontaneous regression of lesions 
which takes place in tiie experiniental animal on the cessation of cholesterol 
feeding and in man following prolonged nndernutrition. AA^e have already 
noted that the provision of a low fat, cholesterol-free diet did not approeiaiily 
affect tlie rate ot regression of lesions in the chick, Atteraiits liave been made 
in influenee the rate of regre.ssion of lesions in the rabbit through the use of 
various substances known to influence fat metabolism. Steiner** noted that 
tlic administration of choline to rahhits which had received chole.sterol for 
no days resulted in a marked regre-ssion of the lesions. E.xamination of his 
data reveals that in the .six rabbits in whicli choline aiipcared to have a posi- 
tive effect, the blood cholesterol levels were never very high and rapidly fell 
to the normal range, c.g. : 

n.ws 0 20 on 

476 mg. 95' 149 mg. % 96 mg. 9r 

512 357 125 

AA'horc choline failed to influence the lesions, the blood cholesterol was high 
at the start and tended to stay high, e.g,: 

DAYS 0 CO 

~~~T^slng7^ WSO mg. Vr 

900 

In the group taken off cholesterol and maintained on a regular diet with- 
out choline, tile cholesterol values with one excciition were over 300 mg. per 
cent at the cud of sixty days, and the rate of fall was very slow. It would 
seem, therefore, that there is a strong correlation hetweeu the rate of fall of 
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the blood cholesterol levels and the efficacy of choline in affecting the re- 
gression of lesions. The failnre of choline to act hr four ont of ten rabbits 
might well be accounted for on the basis of individual differences among 
rabbits, which are known to J’espond in varying fashion to cholesterol feeding. 
Steiner’s results have been amply confirmed by Morrison and Rossi.’® 

By means of cholesterol tolerance tests"- " we have been able to show 
that there is a marked difference in the response of different species to a 
standard load of their homologous cholesterol administered intravenously. 
We have found that in comparison with the chicken and the rat, the rabbit is 
much less capable of dealing with intravenously injected cholesterol and 
requires three to foirr times longer to dispose of an equivalent load of 
cholesterol. Kendall’” and associates have j)ublished similar data using an 
artificially prepared emulsion of cholesterol. It appears therefore that the 
ability of any species to remove cholesterol from the arterial intima is related 
to its ability to metabolize cholesterol. Thus the chicken, which removes 
injected cholesterol from its blood stream about three times as fast as the 
rabbit, also shows a very rapid fall of blood cholesterol to normal after 
cessation of cholesterol feeding and a more rapid regression of lesions than 
does the rabbit. That this process may be accelerated by exogenous factors 
is well demonstrated by the effect of choline in the rabbit, and by under- 
lurtrition in man. The existence of a physiologic mechanism for the removal 
of fat and cholesterol from the vascular wall is well supported by the evidence 
cited and is clearlj' suggested l>y the results of the present investigation. We 
are therefore compelled to abandon our “.static" concepts concerning the 
nature of atherosclerosis and to apply instead the dynamic principles of 
modern metabolic theory concerning the behavior of the lipids in other parts 
of the body. Body fat is now known to be in a constant state of flux; it is laid 
down in depots and is constantly moved and replaced, converted or destroyed 
as required.'® It would appear from the present study that under certain 
circumstances the lipid content of atheromatous plaques is subject to similar 
inetabolic forces. Further studies on this aspect of the problem with more 
refined metabolic tools are the sine qua non of therapeutic researches in this 
field. 

summary 

1. Prolonged feeding of a diet containing 2 per cent cholesterol in cotton- 
seed oil for a period of twenty-four weeks resulted in p7-ogressive elevation 
of the hlood cholesterol levels. There was increasing severity of the athero- 
sclerosis for a period of fifteen weeks and then a levelling off, with a further 
increase in severity during the last two weeks of the experiment. 

2. Cessation of cholesterol feeding after ten weeks is followed by a very 
rapid decline in the blood cholesterol levels to normal within three weeks. 
There was also a gradual regression in the severity of the lesions over a 
fourteen-week period. It appears that early lesions may be completely re- 
sorbed upon cessation of cholesterol feeding, while more severe lesions under- 
go regressive and reparative changes. . 
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3. Tlieve appearotl to lie little (Ijfferonee in the rate of regression or (lis- 
appenrance of the aortic lesions in birds placed on a normal mash diet and 
those placed on a loir fat, cholesterol-free diet following cessation of 
cholesterol feeding. 

4. There is a wide si>eetrum of histologic changes resulting from pro- 
longed ciiolesterol feeding, ranging from inerea.se in the ground substance 
of the intimn, with infiltration of .siulanophile material, to very extensive 
foam cell jdnqiies, hyaline and c.'irtilagiiibus metaplasia, and heavy deposits 
of calcium in granules and plates. 

5. Cessation of cholesterol feeding is followed by fibvotic changes in 
lesions of both the thoracic and abdominal portions of the aorta, by the dis- 
appearance and diminution of foam cells and fat, and by the calcification of 
atheromatous abscesses. We also noted the presence of seavenger-like, fat- 
filled cells in the intima. 

6. The controls showed few gross lesions but numerous microscopic ones. 
Scattered focal depo.sit.s of .sndanophile material were .seen in the intima and 
inner portions of the media of the thoracic aorta. Jn the abdominal aorta the 
spontaneous lesions were characterized by fibrosis of the intima, with 
sudanoplule deposits and calcium granules at the intimnl-meclial junction. 

7. The presence of a physiologic mechanism concerned with the regression 
of atheroma in animals and man i.s discussed, and the application of modem 
djmamic principles of lipid metabolism to this meclianism is considered. 

tVo Jire indebted to Miss C. Bolene (D. V. ]Dnu?»er Sfemorinl Itrsearch Assistant), Mi.s.s 
Lorraine Adams, Miss Eiloou Arnold, Miss Marilyn Dudley, auil Mr. Wilham I’oote for 
technical assistance in this study. 
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THE LACK OF EFFECT OF TWEEN SO ON THE ABSORPTION OF 
ALUMINUM AND SODIUM PENICILLINS 

Leo.v Scriu'ARTZ, 3I.D., axd Wii.mam P. Booer, JI.D. 
PillLADELPlIIA, Pa. 

T he widesi)read use of oral ])eniciUiii despite the fact that only a fraction 
of an administered dose is absorbed from the gastrointestinal tract makes de- 
sirable tlic investigation of factoi’s that may favor the absorption of penicillin 
from the gut. The piosent study i*eports the comparative plasma concentrations 
of penicillin that resulted from the oral administration of aluminum* and 
sodium penicillins with and without orally administered Tween 80 (polyoxy- 
ethylene sorbitan monoolcalc). 

Tlie Tweens are a scries of j)olyoxyalkylene derivatives of the hcxitols, man- 
nitol and sorbitol, and their anhydrides, partially esterified, that are classified 
as dispersing agents.* Such compounds might theoretically increase tlic absorp- 
tion of substances from the ga.strointestinal tract by lowering surface tension 
and increasing dispersion. It has been rej)orted that one of these compounds, 
TAveen 20, given by mouth and parcuterally, prolonged the penicillin plasma 
concentrations following oral and parcntcrally administered penicillin.® Tween 
80, differing only in the fact that oleic acid is esterified with the hexitan in place 
of lauric acid, has been fed to human patients in amounts as large as 15 Gm. 
per day Avithout evidence of toxicity and furthermore has proved to be cffec- 
tiA’c in increasing t])c absorption of fats and fat-solnble substances in certain 
pathologic conditions marked by impaired gastrointestinal absorption.® Because 
of its nontoxicity and its proved efficacy in human l>eings, Tw'een 80 Avas chosen 
for this study to determine whether it had any influence on the absorption of 
orally administered penicillin. 


MATERIALS AND METHODS 


Twelve male Mubjecta, vaiying in age from 33 to 78 years, afebrile anti fiec of obvious 
renal, licpatic, or gastrointestinal dysfunction, ivcre selected from the medical wards and 
divided into two groups of six each. One group Avas given aluminum penicillin with and 
without Tween 80 and the other was given sodium penicillin with and without Tween 80, each 
patient serving as his onn contiol in determining the effect of the dispersing agent on peni- 
cillin plasma concentrations. 

Penicillin was administered orally in a dose of 200,000 units every three hours for nine 
doses, and blood samples were drawn into lieparm-wettcd syringes at one-half, one, two, and 
three hours after the ninth dose. No medication was given for twenty-four hours and then 
200,000 units of penicillin and 2 Gm. of Tween 80 weie given together every three hours for 
nine do’es. After the ninth dose of the combination of drugs, blood samples again were 
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drawn at one-liatf, one, two, and three hours. Tlie ninth dose of medication in oacli phase 
of tlie study was given at the same time of day and in the same relationship to the ingestion 
of food, so that the penicillin time-dose re.sponse curves in tlio two phases of the study can 
be compared to determine the effect of Tween SO. The same lots of aluminum and sodium 
penicillins were employed throughout the study. Penicillin assays were done by the Kirhy- 
Eantz modification of the Bammelkamp serial dilution method,'* employing as the test organ- 
ism Streptococcus 9S. 


RESULTS 

In Table I are presented the data obtained following the use of sodium 
penicillin. It is apparent that in three patients (E. U., B. L., and P. L.) the 
penicillin plasma concentrations were actually lower when Tween 80 was ad- 
ministered; in two patients (G. J. and J. M.) the concentrations were higher; 
and in one patient (J, M.) the concentrations were equal to those obtained 
when penicillin was given alone. The average values from the six patients 
show the concentrations after penicillin alone to be slightly higher than those 
after penicillin and Tween 80. 


Table I. SoDiujt Penicillix: 200,000 Units* Okally; Co.mparison of Penicillin Piasma 
CONCENTR.ATIONS WITH AND WITHOUT TWEEN SO 


PATIENT 

AGE 

TWEEN 80 1 

PENICILLIN PLASMA CONCENTEATIONS 
(HOURS AFTER ADAIINISTKATION) 

Vz 

1 : 

1 2 1 

3 

G. J. 

07 

Without 

0.19 

0.19 

0.38 

0.25 



With 

0.70 

0.76 

0.70 ' 

0.70 

J.M. 

7S 

Without 

1.00 

1.50 

1.50 




Witli 

2.00 

1.00 

1.50 


J. iM. 

.33 

Without 

0.25 

0.19 

0.25 

0.13 



With 

0.76 

0.50 

0.19 

0.13 

E.U. 

72 

tVithovit 

1.50 

1.50 

1.00 

1.00 



Witli 



0.38 

0.38 

0.25 

B.L. 

30 

Without 

0.97 

1.05 

1.25 

0.95 



With 

0.47 

0.80 

0.37 

0.30 

P.Ii. 

45 

Witliout 

0.55 

1.20 

0.32 

0.19 



With 

0.30 

0.55 

0.25 

0.17 

Average 


Without 

0.74 

1.03 

0.7S 

0.07 



With 

0.85 

0.00 

0.57 



•Two 100.000 unit tablets eacli buffered wltli 0.3.1 Gm. calcium caibonate. 
tic Gm. per day administered as four 0.5 Gm. gelatin capsules every three liours. 


Table II shows similar data after the use of aluminum penicillin. In two 
patients (H. M. and C. B.) the pla.sma concentrations of penicillin are lower 
after the use of Tween SO; in two patients (J. W. and E. -M.), slightly higher; 
and in two iiatients (S. B. and E. H.), approximately equal to those ob.sei’ved 
after the use of aluminum penicillin alone. The average values from the six 
patients are practically identical. 


DLSCUSSrON 

The Tweens arc painful and irritating when injected intramuscularly, so 
even if effective in elevating penicillin plasma concentrations as claimed for 
Tween 20," this route of administration would he impractical. Purthei’inore, 
the amount of Tween SO absorbed from the gut and excreted by the Iddners is 
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Tahi-e II. Atx’mikum PF.Nini.i.iN*; 2(»0,cino Units* Oi.aei.y; CoiipArasox oe I’eniciluk 
Plasm V Concentuationr With ani* \Vitiioft Tween SO 


PENiriLLlN I’LASMA CONCKNTIlATIONS 
(IIOUHS AFTEU ADMINISTRATION) 





t 'k 

1 1 


1 3 

J. w. 

08 

Without 

IMi 

1.00 

l.tiU 

1.00 



With 

l.tJO 

n.02 

2.50 

2.50 

R. M. 

07 

Without 

0.25 

0.50 

0,25 

0.25 



With 

o.:5i 

0,70 

0.70 

0.25 

S. B. 

50 

Without 

0.1‘» 

n.io 

0.25 

0.25 



Witii 

0.25 


0.19 

0.33 

II. M. 

59 

Without 

1.00 

2.00 

0.70 

0.38 



With 

0.70 

0.70 

0.30 

0.76 

C. B. 

7S 

Without 

,*}.00 

3.00 

3.00 

3.50 



With 

1.50 

0.70 

2.00 

3.50 

E. II. 

71 

Without 

0.45 

0.78 

0.70 

O.SO 



WiBv 

0.47 

0.98 

O.Vo 

1.20 

Average 


Without 

l.OS 

1.34 

1.09 

0.79 


Witli 

0.81 

1.11 

l.ll 

3.05 


•Pour ao.ono unit tablets, each buffcrcil with 0 3 Gni. sodium benzoate. 
tl(» Gm. per day admlmstcred as four OTi Gnu Rflatln capsule** every three hours. 


so small' that a oariiiaimdc-liUe effect asenhed to Tween 20' seems indikelj'. 
The solo anticipation of an effect of Tween 80 on the ahsorption of penicillin 
was predicated on its activity as a dispcrsiiiR agent witiiin the gut. Tlie oh- 
servations made in twelve !)atients under tlie conditions outlined indicate tliat 
Tween 80 exerted no effect on tlie altsorption of penicillin from tlie gastro- 
intestinal tract. 

Aluminum and sodium penicillin were not compared in tlie same patients, 
init It is aiiparont tliat tlie pcniciliin plasma concentrations observed in similar 
groups of patients were apiiroximatcly equal during tlie tliree-liour period 
studied. A suhsociuent investigation will iie directed toward comparing tlie 
maintenance of penicillin plasma eoncciitralions for periods longer tlian tliree 
hours. It sliould lie noted tliat tlie pcnieillin iilasma concentrations were unex- 
pectedly high; except initially, they exceeded those resulting from the intra- 
miiscnlar injection of 50,000 units of penicillin (crystalline penicillin in aqueous 
solution)" The concentrations oliscrvcd may be explained in part by tlie ages 
of file patients studied or by the possiliility of penicillin accumulation in the 
circulation during the twenty-four liours of medication prior to the time-dose 
response values here recorded. Unfortunately there is no iiody of data in the 
literature with wliieh to compare the results of this study, but it would he 
unwarranted to assume that iienieillin plasma concentrations of the magnitude 
herein reported obtain in all patients to wliom 200,000 units of penicillin are 
orally administered every three hour.s. 


CONCLCSIOXS 

Tween 80 (polyoxyctliylene sorbitan monooleate) in oral doses of 16 Gm. 
per day did not enhance the gastrointestinal absorption of penicillin as deter- 
mined by tlie penicillin plasma concentrations resulting from tlie oral admin- 
istration of tlic antibiotic witli and witliout Tween SO. 
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LABORATORY METHODS 


EVALUATION OF A MODIFIED SUMNER’S METHOD 
(DINITROSALICYLIG ACID) FOR DETERMINATION 
OF GLUCOSE IN URINE 

Rolf Brodersen, Ph.D., and Henry T. Ricketts, j\I.D. 

Chicago, III. 

S UMNER*’ -• ^ iias described methods for the determination of glucose in urine 
and Idood, using dinitrosalieylic acid as an oxidizing agent. Tlie reduced 
dinitrosalicylic acid is determined colorimeti’ically. This method has been em- 
ployed extensively by Exton®* for the determination of both urinary glucose 
and, by modification, other sugai*s found in urine. Recently, Leech and 'Wood- 
ford^ have utilized this principle in a simple and rapid method for the approxi- 
mate estimation of blood glucose. 

The present paper deals with the emplo 3 'mcnt and detailed evaluation of 
this method, slightl.v modified, for the determination of glucose in urines that 
do not contain other reducing sugars. 

PROCEDURE 

The following procedure was found to be aatisfactory. 

Preparation of the T^eagent. — Solution 1: 120 Gin. of sodium potassium tartrate and 

6 Gm. of phenol (crystalline) are dissolved in 350 c.c. of water. A solution of 6 Gra, of 
sodium bisulfite in GO e.c. of water is added. 

Suspen.sion 2. 20 Gm. of 3-5 dinitrosalicylic acid inonosodium salt arc suspended in 

800 c.c. of water, care being taken to avoid large lumps. 

Solution 3i 40 Gm. of sodium hydroxide are dissolved in 400 c.c. of water and cooled. 
Forty cubic continieters of Solution 3 are added to Suspension 2 and the mixture is 
shaken until tlie salt has dissolved. This is completed in a very short time if there are no 
large lumps m the suspension. Now Solution 1 is added and mixed well witli tlie solution of 
dmitiosnlicylate. Finally 320 c.c, of Solution 3 aie added in tliree or four portions. TJie 
mixture is shaken after the addition of each of these portions. If all of the sodium hydroxide 
IS added at once, a pieoipitate may be formed uinch is very difficult to redissolve. Tlie volume 
is made up to 2,000 c.c. with wiitei. 

Thi.s reagent is kept foi two weeks at 25 to 30* C. before use. 

The Ileduction and the Colorimetric Determination . — Ten ciibic ccntimcteis 
of reagent are pipetted into a 19 mm, test tube and 0.1 c.e. of urine is added 
from a blood capillary pipette. The pipette is rinsed in tlic reagent and tlie 
mixture is stirred with the pipette or a glass rod. To another 10 e.c. of reagent 
in a similar test tube is added 0.1 c.e. of water. The tubes are lieated in boiling 
water for tlirce minutes and cooled to room temperature. 

The optical density is deteimined bv spectrophotometry*' in a 19 mm. tube, 
using the reagent lilank as a standard. For glucose concentrations below 0.6 

From the Department of JIccUcine. Unlversitj of Chicago. 

Thus W’ork was performed an part of a project supported by the Division of Research 
Grants and Fellowships. National Institutes of Health, United States Public Health Service. 
ReceiNed for publication, Juno 22, 1949. 

•Different types of colorimeters may be used. The described procedure is based upon 
the employment of a Coleman Junior Spectrophotometer which pro\ed very satisfactory for 
this puipose It may be operated lapidly and Ki\e.s a reasonable degree of accuracy. 
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per cent the wave length 540 mju. is used; for concentrations above this Value, 
700 m/t is nsed. The glucose concentration is found from a standard curve or 
from Table III. Finally, the temperature of the solutions is measured and, if 
necessary, a correction jnacle by means of Table IV. 

RESULTS AND COMStENT 

It was found that the results vary, depending on the metliod of preparing 
the reageiit. The amount of color developed is further dependent upon the age 
of the hatch of reagent used. From Fig. 1 it will be seen that the intensity of 



the color, ivhen the reagent is kept at 27° C,, increases for the fii'st twelve days 
or so and thereafter remains constant. It is thus i^ecessavy to leave the freshly 
prepared reagent for about two weeks at this tempcraf;i 2 -e before use. At 
lower temperatures a longer time is required, while at 37° C. the aging probably 
will be complete in one u'cek. lYe have tried to age the reagent in five hours in 
boiling water. This procedure, although suitable for emergency use, is not 
reeojinncnded, sinee it results hi a rather dark-colored reagent wliich is unsnit- 
able for exact work. As shewn in Table I, the reagent, once it has been aged, 
is stable for at least three months’ at room temperature when kept in a brown 
bottle in the daik. 


T.uii.E I. Des.sities Foi’xp, U.sixo Dipferekt Batches of Reagf.nt 
All Glucose Coiicentrutioii.s Are 0.5%. Each Value Is the Average of 5 Determinations 


ItATE OK r^KKPAIiATlOX OF j 

AOK OF RExlGKXT 
( BAYS i 

i nBN’StTV at22° c. 


.-5/15 

34 

O.SOO 


3/C 

77 

0.826 


3/0 

so 

0.794 


4/16 

15 

0.840 


4/10 

37 

0.820 


4/16 

.58 

0.798 


5/24 

13 

0.817 


5/24 

20 

0.804 
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For pipetlinfi the roaf'ent, an automatic 10 c.c. piiietfc* is cmivenicnt. 

In tlicse oxperimonts 01 c.c. of uriiiet was ii.sctl. The piiiefting of this 
voliinio witli a 0.1 c.c. capillary blood pipette i.s the largest single .source of error 
in the method. The [lipcttcs used in this work (Sargent, Chicago), as received 
from the maniifneturcr, are said to measure 0.1 c.c. ± 0.00.1 cubic centimeter. 
All of thirt.v pipettes tried were found to be within these limits. 

When working with pure glucose solutions or with urines containing mucli 
glucose and only small nmoimts of otiicr reducing substances, the mixture of 
urine and reagent may, if desired, be left at room temperature for an hour 
before boiling. Table If shows tlic values for optical density where different 
periods of time before boiling were cmplo.vcd.f In the case of very concentrated 
solutions (10 Iter cent glucose) a certain amount of tlic bromi color develops 
during the first lioitr at room temperature. This does not affect the final rc.snlt. 


T-\ci.b it. VAr.ra.s sor. Octic.u, Dcx.sitv For.sn AVhe.y MnsTcna or .v Pena Gi.rco.sE 
SoirTio.S .\.VO TUE ItE.\(;E.ST ltEM.\I.\'EI> .IT ItooM TEMrEU.VTVr.K rOH HirrEaEST 
pERKH>.s OF Time Bekoce Boieino 


TiMEfMIK.) 1 

PKXSITY 

0 

0.030 

5 

0.042 

30 

0.052 

30 

0.053 

00 

0.042 


It large amount, s of creatinine arc prc.sent, reduction fnkc.s place at room 
temperature within a sliort time, a.s indicated in Fig. 2. Tlio amount of color 
developed by pli.v.siologie concentrations of creatinine is ratlier small and u-suall.r 
can be neglected. If one, however, is intcrc.stcd in determining concentrations 
of glucose in the range of 0.1 to 0,4 per cent, the reduction by creatinine mu.st 
bo taken into eon.sideration and the tubes .slionld be put into the boiling water 
a.s soon as possible after mi.xing urine and reagent. 

A lioiling time of tiircc minutes was found satistactmy. The variation of 
the color obtained liy varying the boiling time from 2.5 to 4 minutes is seen in 
Fig, 3, One should make sure that there is proper contact between test tubes 
and boiling water. If many tubes arc jilaecd in the water bath without sufficient 
space between them, the tubes in the middle will remain at a lower temperature 
than the others and erroneous results will follow. 

After boiling, the tulies are placed in cold water. It i.s convenient to have 
two vessels for this puiposc. Tlie tubes arc first placed for a few minute.s in 
one with running tap water and thereafter in the otlier containing water at 
room temperature. In this way rapid cooling i.s obtained and ail tlic tubes will 
be at room temperature for the colorimetric determination. As will be .shown 
later, tliis is e.ssential, since the intensity of the color depends upon temperature. 

•If mouti! pipettes are used Jt must be rememberot! tlint the reagent i? caustic anti 
poisonous 

tit is usually unnecesiarj' to ftUer the urine. Even unne.'t containing large amounts of 
precipitates will usually give clear solutions on boiling in the strongly alkaline reagent. 

tThe uie of IH nmi te.st tubes for heating the mixture at reagent and urine In boiling 
water obviate.*? any appreciable Jo.s.** by evaporation. 
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Fij?. 2. — Development oC color expresseO as density at 540 m;t by a solution of oreatm- 
ino correspondine to 3.8 per cent in 0.1 c.c. of urine added to the reagent and standing at 
25” C. Two samples were taken out and boiled and thereby the development of color was 
stopped at a lower density. 



Fig. 3. — Twenty test tubes containing samples of the same mixture of glucose and re- 
agent were boiled for different periods of time. Tile variation in density, determined at 540 
mg after cooling, reflects the statistical uncertaintv of the determination. In addition, there 
is po.ssibly a siight increase in color from 2.5 minute.s to 4 minutes. 


For accurate tvoi'k, the colorimetric determination should he carried out 
within one or two horn’s after boiliii", since there is a small increase in the 
intensity of the color during the first twenty-four hours as shown in Pig. 4. 
After twenty-four hours there is a decrease in coloi’. The initial value is obtained 
again in a couple of days. 

The method has the advantage that the entire range of glucose concentra- 
tions usually encountered (0.2 to 10 per cent) can be determined without the 
nece.ssity of making different dilutions of urine. This not only saves time but 
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also eliminator an inipoi’lant source of mistakes in computation. Using the Cole- 
man Junior Spe'’tropliotoinetcr and 19 inm, test tubes, it was found that the 
whole range could bo covered by employing 0.1 e.e. of urine to 10 c.c. of the 
reagent and detcrinining the developed colors at two different wave lengths. 



Fig. 4. — The density after boiling ns a function of the time during which the tubes remained 
nt room temperature. Each point is tlie average of five determinations. 

For lower concentrations, up to 0.6 per cent glueo.se, 540 ni;i was found to be 
optimal, wliereas for concentrations in the range 0.6 to 10 per cent, 700 ni/i was 
found to be optimal. For other types of colorimeter, or for this colorimeter 
tvitii a different-sized tul)C, a different wave Icngtli may lie found to be better. 
To avoid mi.stakes if is preferable always to record the densities of all samples 
at botli of the two wave leiigtlis. 

It is ordinarily recommended that wave Icngtlis be employed for which the 
.substance to be determined has a inaximuin or minimum of absorption. This 
could not be done in this instance since no such maximum or minimum is present. 

Using otiicr types of colorimeters, it may be nece.ssary to dilute the reaction 
mixture. If .so, dilution with water should lie avoided, since the color is unstable 
except in strong solutions of sodium hydi-oxide. Dilution may l)c made witli 
5 per cent sodium hydroxide wliich does not influence the stability of tlio color. 
In this case the reagent blank, used as a standard, must be diluted in the .same 
proportion. It is easier, however, to dilute witli tlie reagent itself, in whieli 
case the reagent blank can be used unchanged. 

Tlie colors of the solutions were found to be dependent to a considerable 
degree upon temperature. Thus the density of the reagent increased 20 per 
cent with an increase in temperature from 20® to 30® C., whereas the density 
of the strongly colored solutions resulting from high sugar concentrations 
increases only 9 per cent with the same change in temperature. Therefore 
it is necessary, first, to keep the reagent blank and the reaction mixture at 
the same temperature and, second, to take this temperature into consideration 
in the oalcnlation. To be safe, it is always best to use one reagent blank with 
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Table III. The Glccose Concentration as a Fi nction or the Optical Density 
Along With the Prohahle Value of the Concentration Are Given Upper and 
Lower Limits, Calculated in Such a Way That the Probability Is About 
RD Per Cent That the True Value Is to Be Pound Within Them 


temperatcre: 22" c. 

'/r OLl’COSE OR EQtTVAl.ENT AMT. OF OTHER 

1 </( GLl'COSE OB EQUIVALENT AMT. OF OTHER 


KKDrClXG SrUSTANCE 

i 


REDrCIKG SUBSTANCE 



PnOBABLE 

BOWER 

tn*pER 


PROBiVBLE 

LOWER 

UPPER 

PK.VSITY 

VAEl'E 

LIMIT 

LIMIT 

BKN'SITY 

VALUE 

LIMIT 

LIMIT 

540 Mr 

.01 

.11 

.00 

.20 

.52 

.30 

.33 

.39 

.02 

.12 

.00 

.21 

.54 

.36 

.33 

.39 

.0.3 

.13 

.05 

.21 

.5(> 

.37 

.34 

.40 

.04 

.13 

.07 

.21 

.58 

.38 

.35 

.41 

.05 

.14 

.08 

.21 

.60 

.39 

.36 

.42 

.00 

.14 

.00 


.62 

.40 

.37 

.43 

.07 

.15 

.10 

.22 

.64 

.41 

.38 

.44 

.08 

.16 

.10 

j>2 

.(){> 

.42 

.39 

.45 

.00 

.10 

.11 

OO 

.68 

.42 

.39 

.45 

.10 

.17 

.12 

.23 

.70 

.43 

.40 

.46 

.12 

.18 

.13 

.23 

.72 

.44 

.41 

.47 

.14 

.10 

.15 

.24 

.74 

.45 

.42 

.48 

.16 

.20 

.10 

.24 

.76 

.40 

.43 

.50 

.18 

.21 

.17 

.25 

.78 

.47 

.44 

.51 

.20 

.21 

.18 

.25 

.80 

.48 

A5 

.52 

22 

22 

.10 

.20 

.82 

.49 

.45 

.53 

.24 

.23 

.20 

.20 

.84 

.50 

.46 

.54 

.20 

.24 

.21 

.27 

.86 

.51 

.47 

.55 

.28 

.25 

22 

.28 

.88 

.53 

.49 

.57 

.30 

.26 

.23 

.29 

.90 

.54 

.50 

.58 

.32 

.27 

.24 

.30 

.92 

.55 

.51 

.59 

.34 

.28 

.25 

.31 

.04 

.57 

.53 

.61 

.36 

.2!) 

.20 

.32 

.96 

.58 

.54 

.62 

.38 

.30 

.27 

.33 

.08 

.50 

.55 

.63 

.40 

.30 

.27 

.33 

1.00 

.60 

.50 

.04 

.42 

.31 

.28 

.34 





.44 

.32 

.29 

.35 





.40 

.33 

.30 

.36 





.48 

.34 

.31 

.37 





.50 

.35 

.32 

.38 






700 sifi 


.(Ui 

.aO 

.40 

.00 

.07 

.60 

.50 

.70 

.08 

.05 

.55 

.75 

.09 

.75 

.65 

.8.5 

.10 

.80 

.70 

.90 

.11 

.90 

.80 

I.OO 

.12 

.95 

.85 

1.05 

.13 

1.05 

.95 

1.15 

.14 

1.15 

1.00 

1.30 

.15 

1.20 

1.05 

1.35 

.16 

1.30 

1.15 

1.45 

.17 

1.40 

1.25 

1.55 

.18 

1.50 

1.35 

1.65 

.19 

1.60 

1.45 

1.75 

.20 

1.65 

1.50 

L.S0 

.21 

1.70 

1.55 

1.85 

O."! 

1.80 

1.65 

1.95 

.23 

1.90 

1.75 

2.05 

.24 

2.00 

1.85 

2.15 

.25 

2.10 

1.90 

2.30 


.20 

O Q 

2.0 

2.4 

.27 

2.3 

2.1 

2.5 

.28 

2.4 

2.2 

2.6 

.29 

2.5 

2.3 

2.7 

.30 

2.6 

2.4 

2.8 

.32 

2.8 

2.6 

3.0 

.o4: 

3.1 

2.8 

3.4 

.30 

3.3 

3.0 

3.6 

.38 

3.5 

3.2 

3.8 

.40 

3.7 

3.4 

4.0 

.42 

3.9 

3.6 

4.2 

.44 

4.2 

3.8 

4.0 

.40 

4.4 

4.0 

4.8 

.48 

4.7 

4.3 

5.1 

.50 

4.9 

4.5 


.52 

5.2 

4.8 

5.6 

.54 

5.4 

5.0 

5.S 

.56 

.5.7 

5.2 

0.2 

.58 

5.9 

5.4 

6.4 

.60 

6.2 

5.7 

0.7 
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Table III— Cont’d 


'TEMl'EnATPRE; 22" C. 


Cr OMTOSE OK EQnVAJXNT AMT. OF OTHER 
KEDPCJN'O SCBSTAKCn 

% CLrCOSE OR EQnVALEXT a\MT. Of OTHER 
BEOL'CLVO '5n5STAKCE 

I'KOKAOLE LOU'EK ITFER 

OEXSTTY VAI.EE LIMIT LIMIT 

FROSABLE LOWER UPl'ER 

DENSITY VALIT. LIMIT LIMIT 


iVJ 

0.4 

5.0 

6.9 

.82 

9.2 


■Mimn 

AU 

0.7 

6.2 

7.2 

.84 

9.5 



»U» 

G.9 

6.4 

7.4 

.80 

.‘).P 




7.2 

0.7 

U" 





.70 

7.4 

6.9 

7.0 






IS 

ZJl 

a8.2 





.74 

s.o 

7.4 

S.6 





.70 

S.2 

7.7 

8.9 





.7S 

8.6 

8.C 

9 2 





.80 

8.0 

8..^ 

9.5 






pacli lot ot liilies lioileil. In this way one can he sure that there is no areat 
temperature differenee hctweeu reagent lilanfc ami reaction mixture. Table 
III i.s ealenlated for a temi'erature of 22° C. For other temi)eratnre.s a correc- 
tion* must he made. Table IV shows the values for thi.s correction. The.se are 
applicable, no matter what type of colorimeter is used. 


T.VBl.E IV. TEMrEFATlT.E CorjJECTIO.V.S 




Tr.MPER.tTX'RE (C.) 



13’ 

20* 

25* i 

30* 

35^ 



CORRECTION (</c r.ircosF.) 


,1 

.00 

.00 

.00 

.00 

.01 


.01 

.00 

.00 

.01 

.02 

.3 

.02 

.00 

.00 

.02 

.03 

.4 

.02 

.01 

.01 

,02 

.04 


.03 

.01 

.01 

.0.3 

.05 

.6 

.03 

.01 

..01 

.03 

.06 

.$ 

.04 

-01 

.01 

.04 

.OS 

1.0 

.05 

.02 

.02 

.05 

.10 

1.5 

.08 

.02 

.03 

.OS 

.13 

2.0 

.10 

.03 

.04 

.10 

.20 


.13 

.04 

.06 

.13 

.25 

3.0 


.03 

.08 

.15 

.30 

4.0 

.20 

.06 

.09 

.20 

.40 


.23 

.OS 

.12 

.25 

.50 

c.o 

.3 

.1 

.1 

.3 

.0 

7.0 

.4 

.1 

.1 

.4 

.7 

S.O 

.4 

.1 

•2 

.4 

.S 

9.0 

.5 

.1 

.2 

.5 

.9 

10.0 

.5 

.2 

-2 

.7} 

1.0 


For computation of the sugar concentration from the density, a set ot two 
curves can he used, one for ettch ot the two wave lengths. For routine use, 
however, a table such as Table III is more convenient and is less subject to 
mistakes in applietition. 

It should be pointed out that the relation between density and glucose con- 
centration is not linear. It is especially remarkable that small amounts of 
glucose give no color at all. Thus a density reading of approximately zero meaus 

^.ir rlinical «ork m vrhich approximate values are wtisfactorj*. and in wbich laborator>- 
Wmper-AUire^ vary only a f.'w desrees. this correction is unnecessarj*. 
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not that thei'c is no glneose in the urine but that there is less tiian about 0.1 
per cent. For clinical purpo.ses glucose concentrations as low as this are usuallj’ 
of no significance. 

For the purpose of rough estimations, where an error of ±20 per cent is 
unimportant, the standard curve may be determined by appljdng the previously 
described procedure to known solutions of glucose. If limits of error of about 
±10 per cent are required, great care must be talcen to make the standard curve 
exact enough. In this work the following procedure was employed. 

The glucose content of a commercial dextrose preparation was determined 
by polarimetry. Prom this preparation a solution was made up, containing a 
known amount of glucose per gram. A portion of this solution was weighed 
out, water added to make a total volume of 1 c.e., and 100 e.e. of reagent were 
added. After thorough mixing, the solution was divided into ten portions in 
each of ten test tubes and heated in boiling water for three minutes. After 
cooling, the color was detennined in the usual manner using ten different tubes 
of reagent blank. The average of tlie ten readings makes up one point of the 
curve. The figures in Table III are read from this standard curve. 

A number of calibrated colorimeter tubes were used for determination of 
tlie density of the same solution. They were found to vary slightly, the standard 
deviation being +0.5 per cent. Other colorimeter errors were found to cause a 
standard deviation of ±1 per cent. The errors in determining the points on the 
standard curve, made in the previously described manner, were found to cause 
a standard deviation in tlie appai’ent glucose concentration of ±0.4 per cent for 
values higher than 0.3 per cent glucose. 

The upper and lower limits of error, given in Table III, were calculated 
from these figures together with the previously mentioned pipette errors. These 
limits are determined in such a way that the probability is about 99 per cent 
that the tine value is to be found within them. 

The method described is sufficiently accurate for clinical work. The Bene- 
dict titration, in the form in which it is carried out in many clinical laboratories, 
that is, without any precautions to prevent the oxidizing influence of the air, 
is much less accurate. Titrations of eleven portions of a single sample of urine 
from a diabetic patient showed the following percentages of glucose: 1.3, 1.4, 
0.9, 1.3, 1.2, O.S, 1.0, 1.1, 1.9, 1.9. The proportion between the highest and the 
lowest of these values is more than 2 :1. 

Interference by Substances Other Than Glncose.~ln the present work, it 
was assumed that no sugai-s other than glucose were present. The fact that 
different sugars give different reduction rates with the dinit ro.salicylic reagent 
has been utilized by Exton“ for the identification of these substances in urines. 
We have found, however, that the I’elative rates of reduction depend not alone 
upon which sugar is present but also to some extent upon the concentration. 
Thus, further investigations mu.st be carried out before the method can be 
adapted to routine use for the differentiation of meliiturias. 

■ Other reducing substances present in urine, such as creatinine, uric acid, 
phenols, and amino acid.s, may interfere with the determination of glucose by 
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most of tlio methods in common iisc. In order to test their effect on the present 
method, tlie following substances were added to tlie reagent in amounts corre- 
sponding to verj' high concentrations in the urine: 11 per cent phenol, 22 per 
cent salicylic acid, 10 per cent acetone, 30 per cent urea, 10 per cent oxalic acid, 
and 3 per cent uric acid. None of these substances gave any measurable color. 
The color produced l>y creatinine lias been mentioned previously; 0.16 per cent 
creatinine in the urine was found to give a density of 0.03 after standing at 
room temperature for an hour. Por most ciiiiical purposes reduction by creatin- 
ine can be neglected. 

A number of urinc.s fiom dogs were determined both by this method and 
by the Benedict titration (Table V). In about half of the '‘normal” urines the 
Benedict method yielded considorahic amounts of reducing .substances, the 
maximum being 0.9 per cent expressed as glucose equivalent and values of about 
0.6 per cent being very common. In one such urine no fermentation occurred 
with yeast ; whereas a nonreducing urine to which was added 0.6 per cent glucose 
gave a slight fermentation. In contrast, by the dinitrosalicylic acid method 
much lower reducing values were found in the same urines, usually about half 
as much as by the Benedict titration, indicating a higher degree of specificity 
of the pre.scnt method. 


Tadlr V. HKnrciNG Power of Different S.nmfles op Doo Urines as Determineo by the 
nENEiacT METircra ani» by the Di.nitrosalycilic Acid Method 
V alues Are Expressed as Per Cent Glucose Equivalent 


RENEDICT 

jhnitrosalicvlic acid 

0.1 

Le.ss than 0.1 

0.2d 

0.1 

0.7 

0.26 

0,0:1 

O.ld 

0.23 

0.2 

0.0 

0.27 

0.6 

0.24 

0.83 

0.44 

0.6 

0.33 

Loss than 0,1 

Le<5«> tlian 0.1 

0.4 

0.14 

0.36 

0.12 

0.58 

0.36 

0.56 

0.30 

0.40 

0.36 

0.51 

0.23 


summary 

A modification of Sumner’s method has proved very satisfactory as a routine 
method for the determination of glucose in urine. The procedure has the 
advantage that the entire range of glucose concentrations from 0.2 to 10 per 
cent is covered without using different dilutions of the urine. The limits of 
error ai’e within ±10 per cent for concentrations higlier than 0.3 per cent glucose. 
For such concentrations the influence of nonsugar reducing substances can be 
largely neglected. This method is thus moi*e specific than other routine methods. 
If sugars other than glucose are pivsent, however, erroneoiis results will be 
obtained. 




1456 


BKODERSEN AND RICKETTS 


REFERENCES 

1. Sumner, J. B.: Dinitrosalieylic Acid: A Reagent for the Estimation of Sugar in 

Normal and Diabetic Brine, .T. Biol. Cliem. 47: 5, 1921. 

2. Sumner, .T. B.: A More. Specific Reagent for the Determination of Sugar in Urine, J. Biol. 

Chem. 65: 393, 192.5. 

3. Sumner, J. B., and Sisler; E. B.; A Simple Slethod for Blood Sugar, Arch. Biocliem. 4: 

333, 1944. 

4. Leech, E. S., and IVoodford, N.: A Simple Bedside Jlethod for the Estimation of Blood 

Sugar, J. L.vb. & Clin. Med. 33: 644, 1948. 

5. Exton, IV. G.: Diabetes and Bright’s Disease as Selection Problem.s, Proceedings of the 

Twenty-Eighth A.nmial Meeting, Medical Section, American Life Convention, 
June, 1938. 

6. Exton, IV. G.: Differential Diagnosis of Conditions Associated With Sugar Excretion, 

New York State .1. Med. 36; 1545, 1936. 



A SIMPLE JIETIIOD FOR DETERMINING SULFONAMIDIi 
SENSITIVITY IN VITRO AND ITS CLINICAL APPLICATION 

Fritz B. ScuwaNBURG, M.D., and Alexandkk M. Eutendurg, M.D, 
Boston, Mass. 

T HIS coiniijunication desei'ibcs a simple method for the determination of the 
relative sensitivity of a givcti bacterial strain to different sulfonamides. A 
method for this purpose has not heretofore come into clinical use, in part because 
various substances contained in the usual culture media, particularly peptone,' 
prevent a determination of the absolute antibacterial effect of sulfonamides. 
Special media ndiicli do not contain such inhibitors have been prepared, but 
the techniques involved are too laborious for practical clinical application. 
Pcptouc-contaiiung media however, if properly prepared, can be used for deter- 
mining the relative antibacterial potency of various sulfonamides against a 
given bacterial strain. The method described below enables one not only to 
determine the sensitivity of a given bacterial strain to a series of sulfonamides 
but also to choose the most potent one. 

METHOD 

Nutrient broth (Difro) containing 0.5 por cent peptone was n'ljustcrl to a pH of 8,2 
in order to obtain maximum solubility of the sulfonamides. The amount prepared was suffi- 
cient to servo for all proeetlures of the entire study. For growth of the more fastidious bac- 
teria tho pH was lowered (pH 7,0) and horse serum (5 per cent) and glucoso (1 per cent) 
were added. Serial dilutions of each of a 1,000 mg. per cent stock solution of the various 
sulfonamides were prepared in concentrations of 750, 500, 200, 100, 50, 23, and 10 mg. per cent 
respectively. Ono cubic centimeter of each of the eight dilutions was placed in Waseicrmanu 
tubes. To each tube was added 0.1 c.c. of a bacteria! suspension prepaied by diluting an 
eighteen to twenty-four hour culture so that 0.1 c.c. contained 1,000 to 20,000 bacteria. A 
control tube containing broth and no sulfonamide was inoculated with 0.1 e.e. of the same 
bacterial suspension. 

Such small inocula were used because for some strains large inocula are said to de- 
presis the activity of the sulfonamides.* The broth prepared as described ivas used to pre- 
pare all stock solutions, all the dilutions of the sulfonamides, and the bacterial cultures and 
dilutions. Tlie tubes were incubated for twenty-four hours at 37“ C. The lowest concentra- 
tion of each sulfonamide which completely inhibited mncroscopically visiblo growth ivas taken 
to be the bactericidal titer. The concentration of each sulfonamide nhicli produced a recog- 
nizably lesser degree of turbidity than the control tube was considered to be the bacteriostatic 
titer. 

AVo are aware of the fact that this method of reading an in vitro test is somewhat in- 
accurate. Tho last clear tube may contain a small number of viable bacteria, which may be 
destroyed within another twenty-four hours or may start to multiply after twenty-four hours 
have elapsed. Also, a tube mncroscopically just as cloudy as the control tube might well con- 
tain fewer organisms than tiie latter. Iloueter, for practical purposes, these possibilities can 
bo neglected, as uill be ahoum in the discussion of the results. 

From Uie Ktrstein Laboratory for Surgical Research. Beth Israel Hospital, and the De- 
paitment of Surgery. Harvard Medical School. 
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RESULTS 

Two hundred bacterial strains wei-e studied, illarkedly different action 
was observed by various sulfonamides oji many strains of Escherichia coli, Aero- 
hacter aerogcncs, Khhsiella pnevmoniae, Ehcrthella tijphi, Salmondh schoti- 
miiJhri, Sahnoyidla enferitidis, Bacillus proteus vulgaris, and Pseudomonas 
aeruginosa and among some sti'ains of Bfaphijlococcus aureus hemolyticus, but 
only rarely on various strains of hemolytic streptococci and pneumococci. Some 
bacterial strains of each of these species were equally resistant while others were 
equally sensitive to all sulfonamides studied. Oram-negative cocci and gram- 
positive bacilli were not examined. Table I provides a few significant examples. 

CLINICAL OC-SEKVATIOXS 

The clinical importance of such tests for selecting the most effective sulfon- 
amide is emphasized by the following representative ease histories. 

Case 1, — A 25-year-olcl man witli pneumonia of the right upper lobe was treated with 
largo doses of sulfadiazine for three days without effect. At this time, the process extended 
to the right middle lobe. A pneumococcus Type 1, isolated from blood and sputum, was 
completely resistant in vitro to penicillin, sulfadiazine, Rulfamerazinc, and sulfamethazine. 
The bactericidal titer with sulfathiazoie was 100 mg. per cent. Administration of sulfathiazole 
in adequate dosage led to recovery within thirty-six hours. 

Case 2. — A sequestrectomy was performed in a girl of 10 with osteomyelitis of the 
right tibia of four to five weehs’ duration. Penicillin and sulfadiazine were administered 
without effect. Temperature remained high. A hemolytic, coagulase-positive Staph, nnrens, 
isolated from the draining sinus in pure culture, was completely resistant in vitro to 
penicillin, sulfadiazine, sulfamerazine, and sulfamethazine. The bactericidal titer with 
sulfathiazole was 250 mg. per cent. Following snlfathiazole therapy, fever rapidly de- 
clined, drainage subsided, and the patient recovered. 

Case 3. — A 70-year-old woman with acute postoperative cystitis due to Esch, coli 
was treated for five day.s with full doses of sulfadiazine witiiout effect. The strain was com- 
pletely resistant in vitro to sulfadiazine, sulfatiiiazole, sulfamethazine, and streptomycin. 
The bactericid.al titer with Ku 445 (3,4-diniethyl-5-sulfani]amido-3soxazole) was 100 mg. per 
cent. Tliore was complete clinical and bactcriologic cure after three clays of treatment with 
Ku 445. 

Case 4. — A 40 year old woman with acute pyelonephritis and cystitis due to Esch. coU 
was treated for six days with full doses of sulfadiazine without improvement. The bactericidal 
titer with sulfadiazine, sulfathiazole, and sulfamethazine was 500 mg. per cent, but with 
Nu 445 it was 250 mg. per cent. Clinical and baeteriologic cure was achieved witliin six days 
with Xu 445. 

Case 5. — Following prostatectomy a 50 year-old man developed acute cystitis and 
bilateral pyelonephritis due to A. aerogrnrs and Ps. aervginosa. Prolonged therapy with 
sulfadiazine and later with sulfamerazine was ineffective. Both strains were re.sistant in vitro 
to sulfadiazine, sulfamerazine, and sulfathiazole. The bactericidal titer of the J. aerogenes 
with sulfumcthazinc was 100 mg. per cent, of the P.i. nrruginosa, 250 mg. per cent. Tre.atraent 
with this drug rapidly cured the infection. 

C.\SE (i. — A CO-yoar-olil woman following perineorrhaphy developed acute cystitis due to 
Ps. aeruginosa and I!, farcalis alcaligcnr.s. Penicillin in large doses was without effect. In 
vitro fo.sts showcii a bactericidal titer for the />*. aicaligencs of 100 mg. per cent with sulfa- 
diazine, sulfathiazole, tiiid sulfamethazine. The Ps. aeruginosa was completely resistant to 



Table I, Comparative in vitro Sensitivity of Several Strains of a Given Species of Bacteria to VAiiiofs Si lkonamides 
(Size op Inocvlvm, 2,000 to 8.000 Bacteria; Titers in mo ^ or Dreg ik Notrient Broth ) 
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sulfadiazine and sulfatliiazole. The bactericidal titer u-ith sulfamethazine uas 100 mg. per 
cent. Sulfamethazine administration led to complete clinical and bacteriologic cure uithin 
three days. 


DISCUSSION 

The method described is based on the assumption that the inhibitors con- 
tained in the broth do not affect the relative potencjr of the sulfonamides used 
in these tests, even if thej' do substantially lower the absolute potency. From 
the available evidence^’ ■’ ® it appears that the same amount of inhibitor affects 
sulfadiazine, sulfatliiazole, and sulfapyridine equally. While such data are not 
available for sulfamethazine or Nu 445, our experience suggests that this is 
probably also the case for them. 

Although the action of a sulfonamide on a given strain is stronger the 
simpler the composition of the medium,^’ " we observed that the marked differ- 
ences in relative potency of the various sulfonamides on a given bacterial strain 
were exactly the same whether a simple synthetic medium or a broth was used 
(Table II). The difference in potency is of the order of one to two tubes. This 
observation indicates that the foregoing method is sufficiently accurate for 
routine laboratory work. 


Table II. Compauisox of Bactericidal Titers in mg. Per Cent of Strains of Escn. con 
IN Nutrient Broth and in the Synthetic Medium of Kohn and Harrist 
IN Various Sulfonamides 



NUMSER OF 

1 MEPIUM 







STIIAIN 

BACTERIA 

(pii 7.2) 

SD 

sn 

SMT 

ST 

PST 

NU 445 

E. (-oh 1 

2,000 

i 

Broth 

750 

750 

250 

100 

250 

500 

SyntliPtic mod. 

250 

250 

50 

25 

50 

100 

E. ooli 2 

4,000 

Broth 

1,000 

750 1 

500 

100 

500 

750 

Synthetic med. 

750 

500 

250 

50 

250 

500 

E. coli 3 

3,000 

Brotli 1 

1,000 

1,000 

750 ! 

1,000 

1,000 

250 

Syntlietio med. 

750 

750 

500 

750 

750 

100 

E. coli 4 

4,000 

Brotli 

500 

500 

100 

250 

500 

750 


Sjmtlietic med. 

250 j 

250 i 

50 J 

100 

250 

500 


SD. .‘suiradiazine ; SJI. suKamerazine ; SMT. sulfamethazine; ST, sulfathiazole ; PST, 
sulfathaliOinc: I'fii 445, 0,4-ilimethyl-5-s\ilfanilamulO“isoxazole. 


Similar comparative tests done with strains of A. acror/cncs, B, proieits vxilgariSt and Ps. 
acnijoinosa gave similar results. 


Prom the close correlation between results of the in vitro test and the tliera- 
peutic effect, two further conclusions may be drawn: (1) The choice of the 
sulfonamide should be made on the basis of the bactericidal and not the bacterio- 
static titer. The gap between the two titers varies with nearly every strain. 
While they are occasionally identical, the bacteriostatic titer is often from one 
tube to tliree to four tubes removed from the bactericidal titer. (2) A sulfon- 
amide exerting bactericidal action on a given strain in a concentration of 250 
mg. per cent or lower is very likely to be therapeutically effective. If the bac- 
tericidal titer is 500 mg. per cent, the clinical action of the drug is questionable, 
hut the drug should he tried if a more effective agent is not available. Sulfon- 
amides with a bactericidal titer of 750 mg. per cent or higher are not thera- 
peutically effective. 
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This study emphasizes the fact® that the sensitivity of different strains of 
a given species of bacteria is extremely variable. Some strains may be very 
sensitive and others completely resistant to the same sulfonamide. 


SUMMARY 

A simple method for determining the in vitro effect of various sulfonamides 
on a given bacterial strain is described. Clinical experiences are given showing 
the importance of the correct choice of sulfonamide. 

The fact that a majority of the strains of a given species arc usually sensi- 
tive to cT sulfonamide does not assure a therapeutic effect in a given instance. 
Ilenco it is frequently necessary to determine the relative sensitivity of the strain 
responsible for tlic infection to a scries of sulfonamides. 
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A MODIFIED ULTRAVIOLET SPECTROPHOTOilETRIC METHOD FOR 
QUANTITATIVE DETERMINATION OF BARBITURATES 

T. C. Gould, M.A., and C. H. Hike, M.D., Ph.D. 

San Francisco, Calif. 

INTRODUCTION 

T he thi’ce drug depressions most commonly encountered in clinical medicine 
are due to the excessive absorption of alcohol, bromides, or barbiturates. 

The first Vvo of these agents may be determined readily, both qualitatively 
and quantitatively, by well-established clinical laboratory techniques. The 
qualitative detection of barbiturates also can be carried out with a fair degree 
of succe.ss by the Koppanyi method providing sufficient blood or urine samples 
are available. However, until recently, quantification of the barbiturate levels 
in sera was not feasible since large quantities of blood were necessary. 

Recently, spectrophotometric techniques for quantitative bai'biturate de- 
terminations in sera have been proposed by others.'’ " These techniques are 
extremely sensitive, so that an accurate barbiturate determination can be 
made on as little as 1 ml. of blood. The method developed in this laboratory 
has a distinct advantage over previous methods in that it can be applied 
directly to serum extracts with the elimination of interference due to serum 
and reagent blanks. "We have used this procedure as a diagnostic aid in over 
fifty cases of barliiturate intoxication during the past year and have followed 
the blood levels of a number of these patients during their course of recovery 
in the hospital. 

Determination of barbiturate sera levels aids the clinician in evaluating 
the relative effectiveness of A'arious therapeutic measures he employs in his 
treatment of barbiturate intoxication. 

EXPEKISIENTAL 

General Description of the Method. — The barbiturate is extracted directly from serum 
in a semimicro continuous extractor using diethyl ether. The ether is evaporated and the 
barbiturate residue is brought into solution as the sodium salt using a borate buffer of pH 
9.5. Optical density of the solution is determined by means of a Beckman spectrophotometer, 
and the amount of drug present is calculated using a standard curve prepared by a method 
which eliminates blank serum interference. 

Importance of the Influence of pH on the Absorption Spectra. — The influence of pH 
on the absorption spectra of barbital and the 5,5 disubstituted barbiturates was reported by. 
Elvidgo,3 Stuckey ,-1 and more recently by AValkcr and co-workers.^ We have confirmed these 
studies by measuring the ab.sorption curves of six barbiturates in aqueous solution at varying 
pH values between 7.0 and 12.0. The barbiturates studied were Amytal, barbital, eyelo- 
barbital, Cyclopal, pentobarbital, and phenobarbital. The absorption curves for Amytal, 
which are similar to those of the other barbiturates tested, are .shomi in Fig. 1. 

From the Division of Pharmacology and Experimental Therapeutics, University of Caii- 
fornia ISIedicai School. 
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Tli(' oJwrvation, as roportcil by GoWImiuto^s tlmt ojieh barbiturate gives a. cbarncteristic 
alisorptioH cune nt pit 11 or giealor si^jgested tbo possibility that the ratios of the optical 
densitios at specific aa\c lengths could be used as criteria for the diflereutiation of the 
various barbiturate derivatives. The u.se of this means of identification is of little practical 
significance in cbniral annhsx.s, honever, .since the marked absorption due to blood or serum 



mu 

FIr. 1. — Absoiption cur\es of Anxytal in aqueorxs solution at varying pH values. 

usually obscures not only the clmraeteristic maximum but the otlier critical portions of the 
curve. Tho greatest amount of absorption per unit concentration is obtained between the pIT 
values 9.0 and 10.0. IVithin this range of alkalinity all 5,5 disubstituted barbiturates develop 
peak absorption in the wave length range from 239 to 240 niillinuerons. Although it is not 
possible to differentiate any one of the barbiturates by tho shape of its ab.sorption spectra 
in this pH range, the type of curve obtained with its steep .slope is least hkoly to be obliterated 
by interfering scrum blanks. 

Thus, the optimum pH range for measurement of the absorption spectra of barbiturates 
was found to lie between 9.0 and 10.0. In the determination of drug levels in serum, unless 
the solution is carefully maintained in this range of alkalinity, variations may appear in the 
absorption curve which give erratic results. With reference to Tig. 1, it is evident that 
measurement of optical density at u pH of 11, lathcr than from 9 to 10, would result in 
only about 85 per cent recovery. For this reason wc have u«*ed a borate buffer of pH 9.5 
as the solvent in the determination of barbiturate absorption. 

InUrferenre ly Scrum. Blanks . — Interfering absorption by ether or chloroform ex- 
tracts of serum proved to be a problem of considerable diflieulty. In experimental work 
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a blank serum specimen can be determined prior to the administration of the drug, and, 
provided no change occurs in the blank, a correction factor may be applied for the subse- 
quent barbiturate determination. In clinical and forensic medicine, however, these blank 
samples are rarely available. Thus, the amount of ab.sorption due to serum itself is un- 
known, and the accuracy of the quantitative determination of the drug is subject to a 
variable degree of error. 



— “•'^hsorption curves ot ether extracts of normal human serum in borate buffer (pH 
J.o). The absorption curve of pentobarbital (Sy per milliliter in borate buffer of pH 9.5) is su- 
penmposea to illustrate the importance of serum interference. 

Goldbaums has suggested an optical density value of 0.030 to be applied as a control 
blank in toxicologic analyses where no barbiturate-free samples of normal blood are 
available. This value was reported as the average for chloroform extracts of all normal 
blood samples measured at 255 m#i in 0.5N sodium hydro.xide. Determinations were made 
in this laboratory of the optical densities of both ether and chloroform extracts of a series 
of 150 sera obtained from patients having had no history of recent drug ingestion. The 
optical densities of these “normal” sera were found to vary between 0.040 and 0.250 at 
wave length 240 millimicrons. Scrum absorption measured at 255 mti was only slightly 
less. The absorption curves of a few typical specimens of normal human serum are shown 
in Kg. 2, with an absorption curve of pentobarbital superimposed to illustrate the 
importance of blank serum interference. It is evident that no average blank value of 
any significance can be derived from these results. 

Walker and associates have reported a method for the elimination of blank inter- 
ference due to blood in which they employ an acid-alknline shift.r The procedure is not 
applicable to direct extracts of blood or serum, as stated by Walker and confirmed by our 
experiments, and must be carried out on the filtrate of a tungstate-sulfuric acid protein 
precipitation. In so doing approximately 25 to 35 per cent of the barbiturate is un- 
accounted for, a factor which limits the accuracy of the method. 
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A satisfactory methotl of cotrecliag Iot tbo interference of absorption duo to 
scrum and reagent blatik-i was devloped in this laboratory by adapting a procedure 
described by Tuuniciin'.^ Tiie correction can be applied to extracts made directly from 
serum without prohnunary protein precipitation. Fig. 3 illustrates an actual problem, 
demonstrating that the curve obtained from any clinical specimen (pentobarbital in serum) 



Pig-. 3 , — ^Absorption curves of ether extracts of ?eium and pentobarbital in sei-uni. and 
standard pentobarbital cun-e. AU absorption curves were determined in borate buffer at pH 
9.5. The pentobarbital concentration was 67 per niiHlllter. 


is the additive effect of the blank serum curve plus the actual barbiturate curve. It is 
evident that the peak absorption, D, cannot be used as a measurement of drug concentra- 
tion since an unknown fraction of its magnitude is due to serum absorption. The method 
we have adopted is based on the obsen^ation that the absorption curves of normal blank 
sera confonn approximately to a straight line in the range of wave lengths from b‘25 to 
205 Wfi (Fig. 2). Thus, with reference to Fig. 3, if a ba.se line is drawn between the optical 
densitv values d,, and d„ a value, d, is obtained which serves as an adequate index for 
the amount of b.arbiturate pre.scnt since it is directly proportional to drug eoneentration, and 
it is not significantly altered by fcruni Wanks. This d value may be obtained either graphically 
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by plotting tbc three values, D, and d,, and drawing the base line djd,, or by simple 
algebraic calculation using the equations; 

d = D - d. (A) 

5 3 

where d, = -g-dj + "g'di (B). 

The derivation of (B) is as follows: 

~ ~ h. (C) 

d; - d, “ X, - \j 

d. = d. (X.-X.) _ cUX^M 
(X.-X,) (X,_X.) 

Substituting wave length values in Equation (D) and solving 

d. ~ d, (240 - 265) d, (240 _ 225)/^- 
(225 - 265) "■ (225 - 205)^ " 

which results in (B) 

d, == -fd, + (B). 

A practical example will be cited to illustrate liow the calculation may be applied 
(Table I). Following the regular extraction procedure the optical density was determined 
on, I, a blank sample of human serum, and III, the same serum to tvhich had been added 
a known quantity of pentobarbital. II represents the standard absorption curve of the 
concentration of pentobarbital present in the serum. Table I includes the data as calcu- 
lated algebraically using Equations (A) and (B). Fig. 3 illustrates the example 
graphically. 


Table I. Illustration of Accuracy of Calculation of Barbiturate Concentration 

BY THE Base Line Method 


WAVE 

LENGTH 

i 

SYMBOL 

1 OPTICAL DENSITY 

i 

j BLANK SEBUM 

PENTOBARBITAL 

H 

PENTOBARBITAL 

IN SERUM 

in 


dj 


0.137 



D 





d. 




mmiiiniiiiiiiiiiB 



1 0.094 j 

i 0.335 

mmiiiiiimi 

miQiiHin 



0.220 

y per ml. ! 

i 

1 s.o 1 

7.8 


By the use of this method the interference due to serum blanks is almost completely 
eliminated. In the foregoing example, the calculated value of barbiturate level is 1)7.5 per 
cent of the actual level. In practice, the accuracy of the method depends in part upon the 
nature of the blank serum absorption curve. The curve as a whole, from 225 to 265 mu, does 
not always coincide exactly with the base line djd,. This is not of great importance, however, 
since it is the amount of deviation in optical density between the serum curve and the base 
line at 240 mu which is significant. This deviation is rarely more than shown in the example 
given, 0.006 optical density. Tlie dependability of tliis correction for blank interference is 
reflected in the data contained in Table II. 

PROCEDURE 

1. One milliliter of serum is placed in the extractor, and from 5 to 10 ml. of distilled 
water are added, depending upon tlie volume of the extractor. Larger volumes of serum may 













JtETIlOD FOR QUANTITATIVE DETERMINATION OF BARBITURATES 


1467 


bo visea y.hvn avaihiblo. Approxinmirfv 30 ml. of diefhyl efiior nrc placed in tj.e receiving- 
flask.* The apparatus is asscmblca as shown in Fijr. 4, the etiicr being evaporated in a uatcr 
bath regulated between 30 and 55“ C. In the event that emulsions are formed at the interface, 
they are readilv renjoved addition of a few crystah of anhydrous sodium sulfate. IVhen 



extraction is complete (fifteen to sixty minutes) the ether may be evaporated into a clean 
extractor and saved for redistillaPon. The receiving flasks containing the barbiturate residue 
must bo completely dry before addition of the borate buffer. This is best accomplished by 
placing them in a drying oven for a few minutes. 


•Iteaoents. Diethyl ether, technical grade: Washed with distilled water, treated with 
ferrous sulfate, dried with anhydrous calcium chonde, and redistilled, preferably over metallic 

*o‘1”“r^'orate buffer. 0 2M. boric aetd CP. c, i . 

potassium chloride, C.P . — Solution A 
0 UM. sodium hydroxide, C.P.-^Solutlon B 
prepared accordlnff to Peters and Van Slyke* to pH O.o. 

Annarntus. Semimicro continuous extractor with condenser and rcce/vinfi- flask (Fig. 4) 
tVater bath with thermostatic control ranging from 50 to 55” C. Beckman McKlel DU Ultra-violet 
Spectrophotometer with 1 cm. quartz absorption cells. 
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Table II. Eecoveries op Barbiturates Added to Blank Serum 
(Levels Were Calculated by the Base Line Method) 


NUMBER OF 
DETER^IINATIONS 

MICROGRAMS 

ADDED 

AVERAGE RECOVERY'’ 

(PER CENT) 

11 

14.4 

92.2 + 2.75 

14 

20.0 

98.5 ± 1.95 

12 

75.0 

' 101.2 ± 1.28 

10 

100.0 

95.7 ± 1.81 


•Tins includes one standard error of the mean. 


2. When dry, the barbiturate residue is brought into solution with an accurately 
measured quantity of borate buffer (pH 9.5). A volume of 2 ml. or more may be used, de- 
pending upon the concentration of drug present. 



Fig. !>. — Standard concentration curves of a few representative barbiturates. Tlie optical density 
is measured in d units calculated from Equations A and B. 

3. With the barbiturate present in the alkaline form in the pH range from 9.0 to lO.O, 
ab.sorption is determined at three wave lengths, 225, 240, and 265 m/i (d,, D, and d, respec- 
tively), and the d value is calculated by using Equations (A) and (B). 

4. Barbiturate concentration in the borate buffer is determined by reference to a 
standard curve (Fig. 5), 

The value may be expressed as milligrams per cent in tlie sera according to the equation: 

vB 

Mg. per cent of barbiturate = 

where y = micrograms of barbiturate read from the standard curve 

B = milliliters of borate buffer 

S = milliliters of sample. 

Accuracy of the Method . — Table II inchides data from a series of experi- 
ments to determine the accuracy of the method. Known amounts of bar- 
biturates were added to normal sera (beef, horse, and human) of unknown 
optical density levels. The sainjiles were determined according to the proce- 
dure outlined in the preceding section udth 1 ml. serum and in all instances the 
base line method was used to determine the drug level. Amytal, barbital, 
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pentobarbital, phenobarbital, anil Seconal were tlie representative barbiturates 
inoliidefl in the stiuiy. No signifiCtint tlifferencc between the recovery of the 
five barbiturates was noticed. 


DISCnSSION 

Base Line Method of Calculation. — Tlie fiirce wave lengths, 225, 240, and 
2C5 run, were empirically chosen since tliis combination of wave lengths resulted 
in the greatest d value per tuiit concentration. For the actual barbiturate curve 
(Fig. 3), the farther removed the v.ahies ds and d, arc from d., the greater the 
d inde.v, There are, however, certain limiting factors ; at wave lengths lcs.s than 
225 iii/i there is a sudden steep rise in serum absorption as barbiturate absorp- 
tion fall.s off. Beyond 2G5 lu/i, although serum absorption is gradually becoming 
less, the drug absorption also decreases. The wave length 240 m;i is the logical 
place for the D absorption since peak absorption occurs here. 

Interfering Suhstanees. — There arc three types of compounds of clinical 
importance which might cause interference in the barbiturate determination. 

1. Sulfonmnides: Althougli alkaline solutions of sulfonamides elicit absorp- 
tion in the critical range of the barbiturate spectrum, they ma.v be almost com- 
pletely eliminated when present in scrum by the process of extraction. By 
carrying out the o.xtraction procedure at the pH of scrum, only negligible inter- 
forenoo bi’ sulfonamides was obtained ivitli levels as high as 10 mg. per cent 
in serum. The absorption curve of the small amount of sulfonamide wliioh is 
extracted is sneli tliat at 240 nip tlierc is no deviation of tiie curve from tlie 
djdi base line. Tlie following sulfonamides were tested at concentrations of 10 
mg. per cent and were not found to interfere with the determination; sul- 
fanilamide, sulfadiazine, sulfagiianidine, sulfapyridine, sulfamerazine, sulfa- 
thiazole. 

2. Salicylates: Tlie salicylates give absorption curves witli two maxima, one 
in the critical range of barliituratc absorption and the other beyond the limit 
wlicre absorption of tlie iiou-tiiio type of barbiturate occurs. Salicylates ran bo 
identified easily by their characteristic absorption curves and coiiscQuently 
should not he mistaken for barbiturates. Tliere is at present no .satisfactory 
method of eliminating their interference. 

3. Products of Barbiturate Metabolism: In the metabolism of the nonsiilfur- 
containing barbiturates tlie splitting of the malonyl urea ring yields a compound 
which does not produce interfering absorption in the ultraviolet range. It is 
possible that alterations of the barbiturate other than breakdown to a ureide 
could yield metabolic products which would contribute to the absorption 
spectrum. Whether or not these compounds would be e.xtracted by our method 
and whether or not their absorption curves could be differentiated from those 
of the parent compound are problems which are in need of further investiga- 
tion. 

In eases of barbiturate intoxication where the identity of the barbiturate 
is not known, there is an inherent error in all spectrophotoinetrie methods, 
since barbiturates differ to some degree in their inoleciilar e.xtinetion co- 
efficients. From a practical standpoint this difference is not of great im- 
portance. It has been our practice when the ingested barbiturate was not 
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known or conUl not. be qnalitativelj’^ identified to express tlie sera level in 
terms of pentobarbital, since the d values for this compound are closest to the 
mean of the eommonl 3 ’- encountered barbitiirates. 

SUM5IARY 

A method for quantitative barbiturate anal^’sis has been developed whicli 
has the following advantages. 

1. The interference due to absorption of reagent and serum blanks is 
eliminated by means of a graphic solution or a simple algebraic calculation. 

2. Careful regulation of pH in determining ultraviolet absorption in- 
creases the accuracj'^ of the determination. 

3. Samples as small as 1 ml. of serum may be extracted directly without 
preliminaiy protein in-ecipitation. 

4. There is a consideral)le economj'^ of glassware and reagents involved 
as well as ease of extraction. 
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FAT DHTKIUIINATION IN FECES USING lAIOJONNIER 
EXTRACTION FLASKS 


Ulla SuDKRii.jKiiM, ;Mru. Lic., akd IjArs Soderhjelm, JIed. Lie. 
Galveston, Texas 

I N FAT l)aljinec studies the methods commonly employed for tlic determination 
of the fat in feces have not been particularly satisfactory. Tlie procedure of 
drying; tlic fecal specimens is cumiicrsonic and time consuming, and an error is 
introduced heoauso during the drying and grinding process part of the feces 
sticks to tile \valls of the rccc]>taeles Extraction of fat with tlic Soxhlet ap- 
paratus is diflicult whore the water pressure is not constant and the water is 
not sufficiently cold to condense the ether vapors. This latter feature is jiar- 
ticularly significant in warm climates. Extraction methods employing wet 
feces arc simple and efficient, but it is difficult to avoid emulsification in extrac- 
tion with alcohol juid ethyl ether, hence centrifugation is often ncccssaiy. 


METHOD 


An adaptation of tlie Koe^^e-OottlIC^> fat extraction inetliod applied to wot feces uud 
using Sfojonmer extraction flasks* was suggested by Hilda F. T\’ieae, of tho Department 
of Pediatries. 

Tho feces are washed with distilled water into a tarod .lar or a Waring Blendor for 
mixing. Water is added to make the sample sufficiently fluid to be drawn into a pipette. 
Tho total weight of feces and watei taken. After thorough mi-xing cither in tho Waring 
Blendor or with an elcotnc stirrer, which can he inserted directly into the weighed jar, 
H to 8 ml. aliquots are withdrawn and transferred directly into the bottom chamber of 
the weighed ^rojoiinier fat extraction flasks. The extraction flasks are weighed directly 
on an analytic balance. If the total fat excreted is to be reported on tho dry basis, 
separate aliquots arc measured out for the determination of total solids. 

For the extraction a few drops of concentrated HCl arc added, then 12 to 15 ml. 
P5 per cent alcohol. The flasks are tightly stoppered and shaken for thirty seconds. Then 
20 ml. ethyl ether are added; the flasks are stoppered and shaken vigorously for sixty 
seconds. This is followed with 25 ml. jictiolcuni ether and tlie shaking is continued for 
sixty seconds. The flasks are then allowed to stand ten to fifteen minutes for complete 
separation of the ether layer. The Mojomiier fat extraction flasks are so coustructecl that 
the other layer can bo poured ofT directly into weighed containers for evaporation of the 
•solvents without danger of contamination from the aqueous layer. (See Fig. 1.) The 
extraction procedure is repented using 5 ml. 95 per cent alcohol, 15 ml. ethyl ether, and 
15 ml. petroleum ether. If the fat content of the feces is very high, it ma;* be necessary 
to make a fourth extraction. Just before the last ether layer is poured off, sufficient 
water is added to fill the bottom chamber, so the ether layer can be removed completely. 
Tlic other extracts are evaporated on the water bath; the flasks are dried in a desiccator 
and weighed. With the given proportions of alcohol and ether, emulsions rarely occur. 


From the Dopaitmcnt of Pedlatilcs. University of Texas Medical Branch. 

Re.scarch Assl.stant and Visltinn Lecturer respectively. UnUersity of Texa.s Child Health 
rronrum. Present addres*^ Akademisha Sjukhuset. Uppsala. Sweden. 

Hocclvcd for publication. July 11, 1949 

•The Mojonnlcr fat extinction fl.isks are manufactured by Mojoiinicr Brothers Company. 
4C.01 \Vest Ohio Street, Chicago 44, III. 
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However, if eiHulsilication results, this enn usually be broken by the addition of a small 
amount of alcohol. Also, it is sometimes desirable to re-extract the fat residues with 
petroleum ether alone. These can be filtered readily through fat-free cotton inserted into 
a small funnel. 



Figr. 1. — Jlojoniiier flask used for fecal fat extraction. 


RESULTS 

In fifty consecutive duplicate determinations, forty-three showed a differ- 
ence of less than 2.5 per cent. Two of the samples contained less than 1 per 
cent fat and the differences here were higher (3.3 and 6.1 per cent). These 
specimens were obtained from infants who were maintained on a skim'med milk 
mixture. In tlie other five instances, differences of 3.3 to 5.1 per cent were 
obtained. Tliese latter determinations were made at the beginning of the study, 
and the maximum variation of 5 per cent in duplicate samples seemed satis- 
factory, hence they were not repeated. 

The method described offers several advantages. There is little loss of feces 
in the preparation and transfer of the material. The extraction can be com- 
pleted in a very short time and emulsification rarely occurs. Duplicate samples 
agreed within narrow limits, except in two instances where the fat content wa.s 
less than 1 per cent of the sample. 



THE SIGNIFICANCE OP CHOLESTEROL VARIATIONS IN 
HUMAN BLOOD SERUM 

Lester M. JIorrison, M.D., WiLLiAst T. Gonzales, M.D., and 
Lillian Hall, M.D. 

Los Angeles, Calif. 

I T HAS been pointed out that the literature dealing with serum concentrations 
of lipids and cholesterol is filled with eonHict.''- These inconsistencies ap- 
pear to he accounted for by differences in technique and the unreliability of 
certain methods now widely used. Tliis subject has been reviewed adequately 
elsewhere.*' ■■ Accordingly, a modification of the Spcrry-Schoeiiheimer method* 
has heen employed for cholesterol, as developed hy Chaney and Lovell.® This 
modification has been cheeked against the original Sperry-Sclioonheimer method 
and also against other procedures in wide use. The results again emphasize the 
need for adhering to the fundamental principles of the Sperry-Schoenheimer 
procedure and demonstrate that wide variations in results are likclj' to occur 
in other methods which do not adequately control the Licbermann-Bnrehard 
color reaction. The modification of Chaney and Lovell appreciably curtails 
the time requii'cd for the procedure and reduces the comple-vities of the original 
Sperrj’-Schoenheimer method while maintaining its accuracy. 

The need for standardization and perfection of such technique has been 
even more emphasized by the recent renewal of interest in and investigations 
into the role of fat metabolism in the production of arteriosclerosis and in par- 
ticular coronary thrombosis. Recent studies* suggested that scrum cliolcsterol 
levels are subject to variations under certain conditions in the same subject 
at different time periods. We therefore undertook an investigation into these 
circumstances of variation and present the following results. 

The additional value of such an inquiry would be in supplying further 
criteria on which to evaluate the role of certain lipotropic agents, such as 
choline, inositol, etc. These have been recently employed botli e-vperimentally 
and clinically as "dceholesterizing” agents in arteriosclerosis.'-’ Changes in 
serum cholesterol values were reported' following the use of these agents. 

clinical material 

Two or more fasting serum cholesterol testa were mado at intervals in 161 subjects 
who were divided into four groups. Group A consisted of thirt 7 -two normal individuals 
who wero free of any clinical symptoms or demonstrable evidence of any illness. These 
subjects served as the normal controls. Group B was selected as a control group comprising 
thirtj'one patients who had varied illnesses such as chronic peptic ulcer, chronic 
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nephritis, chronic nonspecific ulcerative colitis, cirrhosis of the liver, chronic, rheumatoid 
arthritis, and essential hypertension. No patient in this group had known evidence of 
coronary occlusion or angina pectoris. Group C consisted of fifty patients who had had 
recent coronary occlusions (within a six-month period of time) but who received no 
specific medication or lipotropliic agents, except in a few instances where maintenance 
doses of digitalis or Mercuhydrin had been prescribed. Group D comprised forty-eight 
patients wlio had been on 0 Gm. daily doses of choline bicarbonate for variable periods 
of time and wlio had suffered a recent coronary occlusion within six months of the in- 
stitution of choline therapy. As in Group C, several patients were on maintenance doses 
of digitalis or Jlerouhydrin. 

RESULTS 

Grottp A. — Thirty-two normal subjects were studied wliose ages ranged 
from 13 j^ears to 72 years, the average age being 85 years. Twenty were male 
subjects; twelve were female. The time interval between the first cholesterol 
determination and the second (which was the last in most instances) ranged 
from eight weeks to sixty-four weeks, the average time inteiwal being thirty-six 
weeks. As shown in Fig. 1, the average initial serum cholesterol was 202 mg. 
and the average final serum cholesterol was 200 milligrams. The variations 
between these two ranged from 0 to 38 mg., with an average variation of 11 
milligrams. The normal serum cholesterol values are from 140 to 220 milligrams. 
Thus Fig. 1 illustrates the constancy of cholesterol levels in normal controls, 
when two or more determinations separated by a considerable period of time 
(one to sixty-four weeks) are made on the same individual. It will be noted 
that the increase or decrease in level is slight, less than 20 mg. per cent (or about 
10 per cent of the total) in nearly all instances. 

Group B . — This group consisted of thirty-one patients with various diseases 
as noted, excluding Icnoivn illness due to coronary artery disease. The ages 
ranged from 24 years to 62 years, the average being 46 years. Twenty patients 
were men ; eleven were women. As shotvn in Fig. 2, miscellaneous patient con- 
trols, the average initial cholesterol was 279 mg. and the average final cholesterol 
was 280 milligrams. The intervals of observation z-anged from one week to 
twenty-six weelcs, the average being nine zveeks. In this group wei’e twelve 
patients whose serum cholesterol varied less than 10 per cent betzveen the first 
and last determinations, the average amount of cholesterol variation being 23 
milligi’ams. There also zvei’e ten patients zzdzose senzm cholesterol values showed 
substantial decreases, on an avex-age of 83 mg. between the first and last de- 
terminations. There zvere an additional nine patients zvhose serum cholesterol 
increased on an average of 73 mg. between the fiist and last determinations. 
In Fig. 2, describing this miscellaneous series of conditions, some involving 
elevated cholesterol values, but in which coronary artery disease zvas absent, 
the tendency for greater fluctuations to occur is evident from the gi'aph, and 
increases or decreases up to 100 mg. or more occur as frequently as lesser 
deviations. 

Group C . — Group G consisted of fifty patients who had had recent coronary 
artery occlusions (coronary occlusion controls), Fig, 3, zvithin six months prior 
to the study. Their ages ranged from 38 years to 80 years, the average being 
62 years. Forty patients were men; ten patients were women. The interval 
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range between initial and final cholesterol determinations was from one week 
to sixty weeks, the average being fourteen weeks. In this group there were 
three further subgroups. Ten patients had less than 10 per cent variations in 
serum cholesterol from first to last determinations, the average variation being 
26 milligrams. Nineteen patients showed substantial interval cholesterol de- 
creases with an average decrease of 69 milligrams. Twenty-one revealed interval 

Final Initial Total Casas: 50 



Cholestarol Level Changes 
COROKARX OCCLOSIOH COHIROLS 

Fig. 3. 


cholesterol increases with an average of S3 mg. increase. Pig. 3 (coronary 
occlusion controls) reveals that the average initial serum cholesterol was 266 mg. 
and the average final serum cholesterol was 242 milligrams. In acute coronary 
occlusion, which condition is frequently associated with elevated blood choles- 
terol, as has been shomi previously,- there is a more marked tendency to fluc- 
tuate. Here it is noted that the majority of cases show a marked difference in 
level from an initial determination to a succeeding one and that this difference 
may as frequently be an increase as a decrease. 

Group D . — Tliis group consisted of forty-eight patients wiio had had recent 
coronary arteiy occlusion witliin six months pnor to testing and treating, most 
of whom had received 6 Gm. of choline bicarbonate daily. This was given in 
three divided daily doses, each containing 2 Gm. (coronary occlusion — choline 
therapy, Pig. 4). The ages ranged from 29 years to SO years, with an average 
age of 59 years. Forty-two patients Avere men and six patients Avere Avomen. 
The intcrA'al range betAA’een the first and last cholesterol Avhile on choline thei'ap.v 
was from one AA'-eek to sixty-seven AAmelcs, the average being tAvelve AA'eeks. Tliis 
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group had three further subgroups. One consisted of thirteen patients who 
showed less than 10 per cent interval variation in scrum cholesterol values. 
The average variation was 5 milligrams. Eighteen patients revealed an average 
inteiTal deci'caso of 72 mg. while on choline therapy. Seventeen patients showed 
an average interval increase of 98 mg. on choline therapy. Pig. 4 further shows 
how these fluctuations render more difficult the interpretation of the effect of 


Initial Final 



Fie. J. 

choline feeding on cholesterol levels. However, by graphing the results on this 
series (Fig. 4) in the same manner, it is apparent that no significant change can 
be attributed to the choline which is not already accounted for by the fluctua- 
tions inherent in the disease. 


DISCUSSION 

Confirmation is again made of Sperry’s observation that in normal health 
the blood serum cholesterol is maintained at a constitutional level characteristic 
for the individual and from which significant alterations are not prone to take 
place. It is of interest to note here that in two of the normal control subjects, 
wider variations in serum cholesterol were found than in the other subjects. 
Upon careful interrogation, it was elicited that one subject, aged 41, had had 
a severe attack of infectious hepatitis eighteen years previously. Liver function 
tests in this individual had shown moderate impairment up to five years fol- 
lowing rocovery but had not been repeated, since the subject felt himself to 
be in good health. After the senim cholesterol determinations had been made 
and were found to be more variable than in the other normal subjects (a varia- 
tion of 29 mg.), liver function tests were repeated and showed again low-grade 
impairment of liver function tests. 
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The other normal control subject, age 42, who revealed a 38 mg. variation, 
was closely questioned and was found to have a brother who had died recently 
of an acute coronary occlusion with hypercholesterolemia, one sister who had 
had a coronary artery occlusion, and parents who had died of coronary oc- 
clusions. A familial susceptibility or hereditary cholesterol metabolism disoi'der 
associated with eoronarj' artery disease may lie a possibility in this case.’® Our 
control series of fifty cases of coronary thrombosis (Group C) confirms the find- 
ings of Steiner and Domanski” who also found that the serum cholesterol level 
in patients with coronary arteriosclerosis is variable and subject to wide fluctua- 
tions. Our finding of wide serum cholesterol fluctuations in miscellaneous dis- 
eases is in agreement with the report just published by Astrup.’^ The Group 
D patients with coronary artery occlusions who were under choline therapy 
revealed the same tjqie of fluctuations of serum cholesterol observed in the con- 
trol group of noncholine-treated coronary artery occlusion eases. That is to 
say, there were three similar subgroups, one shoudng 10 per cent fluctuation in 
serum cholesterol values on choline treatment, another showing significant in- 
creases in serum cholesterol values on choline treatment, and the other showing 
significant decrease under therapy. 

It has been demonstrated that the liver exerts the chief control over choles- 
terol metabolism, as well as fat metabolism.’ It also has been established that 
the liver plays the main role in the synthesis, distribution, and regulation of 
cholesterol in the blood stream. It is therefore possible that abnormal varia- 
tions or instability in the serum cholesterol levels encountered in Groups B 
and C, comprising coronary thrombosis and certain other diseases, indicate an 
impairment in the function of the liver regulating cholesterol metabolism in 
these diseases. 


SUMMARY AND CONCLUSIONS 

1. In a series of tlurty-two normal subjects, the constancy of blood serum 
cholesterol levels was reaffiimed over prolonged test periods using a modifica- 
tion of the Sperry-Sehoenheimer serum cholesterol procedure. 

2. Wide variations in serum cholesterol values were found in a group of 
thirty-one patients with miscellaneous diseases. 

3. Marked fluctuations in serum cholesterol values were observed in a 
series of fifty patients who had recently experienced a coronaiT' arterj"- throm- 
bosis. 

4. Analogous wide fluctuations in serum cholesterol values were found in 
a series of forty-eight patients who had recently experienced a coronary artery 
thrombosis and ingested 6 Gm. of choline daily. These fluctuations rendered 
it impracticable to determine whether choline effected a reduction or increase 
in serum cholesterol levels. 

5. It is suggested that variations or instability in serum cholesterol ex- 
ceeding 15 per cent -when determined by the Sperry-Schoenheimer procedure 
or a proved modification thereof in an individual presumed to be normal may 
possibly indicate a systemic disorder or latent illness. 
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6. It is suggested that if the Sperry-Schoenhcimer procedure or a proved 
modification thereof slioivs abnormal variations in serum cholesterol, these may 
bo due to a disturbance in the function of the liver regulating cholesterol 
metabolism. 
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IRON METABOLISM 
Erythrocyte Iron Turno\tjr 

C. A. Pinch, M.D.,* J. A. Wolff, M.D.,t and C. E. Rath, M.D.,$ Boston, 
Mass., and R. G. Fluharty, Ph.D.,§ Cajibridge, Mass. 

T he hemoglobin cycle in man is particularly accessible to studies employing 
radioactive isotopes of iron. The incorporation of radioiron into circulating 
hemoglobin or the disappearance of tagged cells from circulation may be 
measured. Such studies have necessarily been of shoi’t duration. In the turn- 
over of the red cell mass, iron liberated from hemoglobin is passed on to other 
tissue and serum proteins (Pig. 1) and rapidly rerouted to the bone marrow. 
Once the radioiron reaches a state of eciuilibrium in the circulating red cell 
mass, the level of radioactivity may remain relatively constant for months or 
yeai’S. In the present study it has been possible to isolate the erythrocyte por- 
tion of the hemoglobin cycle, so that the survival of a population of red cells of 
approximatel 3 '^ the same age might be determined. 

The assumption has been made on the basis of in vitro studies^' “ that 
circulating red cells neither take up nor give off iron. The reticulocjde, how- 
ever, has recently been sliomi to take up ii’on and synthesize heme.® These 
studies have allowed further observations in vivo and over a long period of 
time regarding the question of iron exchange between red cell and plasma. 

Cei'tain observations have previously been made regarding the breakdown 
and reutilization of hemoglobin iron. In studies on blood preservation, donors 
were prepared by injecting radioiron and obtaining blood after the iron had 
been incorporated in the red cell mass. The disappearance rate of these tagged 
erythrocytes from the blood stream of the recipient was measured over a 
period of twenty-four to forty-eight hours.^'® Thereafter, the radioiron was 
rapidly incorporated into new red cells so that in the ensuing days the level of 
radioactivity approximated that oidginaUj^ present. If red cell destruction 
occurred more gradually, no drop in the circulating radioactivity level was 
obseiwed. This efficient reutilization of broken down hemoglobin iron has been 
commented on bj’’ several investigators as indicating that iron so liberated from 
hemoglobin falls into a small labile reserve which is rapidly recircuited through 
the hemoglobin cycle.®’ It has been shown that this utilization of radioiron 
for hemoglobin production may be largelj’- prevented under two circumstances 
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first, when tlie bone man-ow is producing little or no blood, and second, when 
the iron stores are greatly enlarged. Advantage was taken of this in tlie choice 
of recipients for our studies. Subjects were selected who for one of these 
reasons should be unable to mitilize the radioiron liberated from tagged 
erythrocytes. It would then be possible to follow the intraerythrocytic radio- 
iron through the period of time that the red cell remained in the circulation, 
provided no free exchange of iron occuiTcd. 

PROTEIN -IRON COMPLEXES OF 
THE HEMOGLOBIN CYCLE 



ferritin-hemosiderin 



rig. 1.— In the serum, Iron Is bound to a betai globulin which transports Iron from one 
tissue to another within the body. In the marrow the Iron Is stripped from the betai globulin 
by the developing red cell and synthesized along wUh pyrol pigment and globin Into hemo- 
globin. As hemoglobin, ihe red cell iron would appear to remain within tlie erythrocytes until 
the stroma is broken down. At this time, the pigment Is degraded Into its component parts 
and the Iron may reappear in the serum bound to tlie transport globulin or may remain in 
the tissues Incorporated In one of the iron storage proteins, ferritin or hemosiderin. 


JIATERIALS AND METHODS 

Single isotopes of Fe’s and Fe®* obtained by cyclotron bombardment at the Massa- 
chusetts Institute of Technology were employed in both human and animal studies. Radio- 
active iron containing both isotopes Fe^s and Fe^o with a specific activity of 20 and 80 
microcuries per milligram of iron, obtained from Oak Bidge, was used in some animal 
experiments. Badioactive donors were prepared as previously described.^ Tagged blood 
for transfusion was drawn into acid citrate dextrose preservative and given immediately to 
the recipient except in one instance in which the clTect of storage was under study. The 
circulating level of radioactivity approximately twenty minutes after blood was given to 
tlie recipient was determined and taken to represent 100 per cent of the transfused cells. 
In two instances, however, where subsequent levels were significantly Iiigher, the latter 
values were assumed to represent 100 per cent. The blood volume as determined by T1824 
dye was compared with the cell volume as determined by dilution of the transfused tagged 
cells. Subsequent blood samples were taken into calibrated centrifuge tubes over a period 
of 150 days. Hematocrits were determined on an aliquot by the 'Wintrobe method. The 
subsequent wet ashing of samples, addition of carrier iron, precipitation, electroplating, and 
counting have been described previously.JZ 

EXPERIMENTAL DATA 

I. Animals . — ^Dog S-FD90 was given 0.2 mg. Fe“ (1 x 10° counts per 
minute) intravenously and the subsequent incorporation of the iron into the 
circulating red cell mass was determined (Fig. 2). At fifteen days 75 per cent 
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of the injected iron was found in the peripheral blood.® On the twenty- 
seventh day and until the 108th day injections of nonradioactive iron in the 
form of ferrous-ascorbate gelatint totalling 4,170 mg. were given intravenously. 
Throughout the period of observation the dog remained in good condition. 



There was a gradual drop in hemoglobin from 18 to 15 grams but no change 
in cell indices, reticulocytes, or in the leucocyte picture. In Fig. 2 is sho^vn 
the level of circulating radioactivity. At 120 days 0.5 mg. of Pe^® (1 x 10' 
counts per minute) was injected intravenously. Sixteen per cent of this iron 
appeared in the red blood cell mass at the end of two and a half weeks. 

In two further experiments dogs were placed on corn grit and iron diets 
which had previously been shown to produce large iron stores in animals.^^ 
These dogs received red cells prepared by injecting radioiron in a single donor 
dog one week premously. A similar rapid decline in circulating radioactive 
levels was observed in these dogs, in the neighborhood of 100 days. The red 
cell life was calculated from the time 50 per cent of the tagged cells had ap- 
peared in the blood of the donor dog to the time 50 per cent of the circulating 
radioactivity had been lost from the blood of the recipient dogs. In Dog 
J-FD219 the erythrocyte life span was 106 days and the average survival in 
Dog C-PD218 was 109 days. These dogs showed no significant hematologic 

•The dOK's blood volume was determined by T182i dye and the per cent circulating radio- 
activity calculated as previously described” according to the formula: per cent activity s= 
counts per cubic centimeter red colls x cubic centimeter circulating red cells divided by the 
counts Injected. 

tThis iron preparaUon was obtained through the courte-sy of the Knox Gelatine Protein 
Products, Inc., Camden, N. j. 
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change through the period of experimentation. Tlie pathologic examination of 
both dogs revealed extensive deposits of hemosiderin and greatly increased 
tissue iron by analysis. 


LIFE SPAN OF ERYTHROCYTES TAGGED BY RADIOIRON 



Fig. S.-—The solid line represents Uie actual radioactivity levels in the circulating blood 
of the recipients. The dotted line In A, i>, and K allows for the added period of reil cell life 
in the donor. In E, the third lino represents the additional period of blood storage. 

.t, SIxty-day-oId normal cells to patient with D, Iron-dcflclcnt cryU»rocj*tes to a patient 

aplastic anemia. with hcmocliromatosls, 

I?, Pernicious anemia reticulocytes to pa- Twenty-one-day-old blood stored for 

tlent witli aplastic aneinisi. twenty-four days transfused to a patient 

with Coolej'*3 anemia. 

C, Iron-defleient reticulocytes to patient F, Iron-deficient reticulocytes transfused to 

with aplastic anemia. a patient with Cooleys anemia. 

II. Human Subjects . — Six populations o£ radioactively tagged eiythroeytcs 
were followed in recipients chosen because of their large iron stores and/or 
impaired bone marrow function. There follows in each instance a characteriza- 
tion of the blood given, the age of the red cells given, the liematologic status of 
the recipient, and the radioactive survival curves ns determined by measuring 
levels of radioactivity in the recipient blood. The data are plotted in Fig. 3. 

.1; Five hundred cubic centimeters of blood were drawn from a young 
man who had been given radioirou (Fc") sixty-five days prcvionsly. The 
donor’s rod cells were normal in appearance and measurements showed a mean 



1484 


PINCH, WOLFF, RATH, AND FLUHABTY 


corpuscular volume (MOV) of 85, a mean corpuscular liemogloHn (MCH) of 
32, and a mean corpuscular hemoglobin concentration (MCHC) of 35. The 
recipient W'PD129 was a girl of 6 years with aplastic anemia who had been 
transfused every six to eight weeks since the age of 2 montlis. Preceding the 
transfusion her blood showed a hemoglobin of 5 grams, red count 1.8 million, 
and hematocrit 16 (MOV 108, MCHC 28, MCH 31) and no reticulocytes in 
1,000 red blood cells. The subsequent decline in circulating radioactivity levels 
is shown in Pig. 3, A. The projected life span of the red cells, allowing for the 
time they had circulated in the donor, is shown by the dotted line. 

B: The same recipient, 'W'-PD129, was transfused one month later with 
250 c.c. of blood tagged ivith Fe'^®. The donor in this case, G-PD131, had 
classical pernicious anemia and had received liver six days previously and 
radioiron fovrr days before the blood was drawn. The transfused blood had 
a MOV of 130, MCH 37, and MCHC 35. There were 31.9 reticulocjdes. In the 
blood fractionated bj’’ albumin flotation^'* the distribution of radioactmty cor- 
I’esponds to the distribution of reticulocytes (Table I). These data would 
indicate that the isotope is found almost exclusively in the reticulocyte fraction 
and that, in effect, tagged reticulocytes are being transfused. Subsequent sur- 
vival of this blood is shovm in Pig. 3, B. 

C: Recipient W-PD129 was used for a third study after all previously 
administered radioactivity had disappeared from her circulating blood. Donor 
SL-PD262 had typical untreated polycythemia vera. The donor’s blood showed 
a hemoglobin of 20.1 grams with slight microcytosis and hypochromia (MOV 75, 
MCH 23, MCHC 31). Five hundred cubic centimeters of blood were drawn 
on the third day after injection of radioiron. Evidence that these tagged cells 
were comprised chiefly of reticulocytes is shown in Table I. The determinations 
of cii’culating radioiron levels in the recipient are shown in Pig. 3, C. 

D; Five hundred cubic centimeters of blood Avere drawn from the same 
donor, SL-PD262, on the tenth day following injection of radioiron. This blood 
was transfused to recipient R-PD108 avIio had hemochromatosis confirmed by 


Table I 


inOK DEMCIENT BLOOD | 

COUKTS/UNIT CELLS j 

KETICS(%) 

Top fraction 

2,900 

10.8 

Middle fraction 

920 

2.9 

Bottom fraction 

500 

1 

PEUNICIOITS ANEMIA BLOOD 

Top fraction 

5,660 

39.4 

Bottom fraction 

1S7 

0.1 


liver biopsy. The recipient had a saturated iron binding protein, a serum iron 
of 250 jug per 100 c.c., and a slightly macrocytic anemia (hematocrit 40, MOV 
102). Radioactivity was expressed as counts per cubic centimeter of red cells 
since it was felt that the red cell mass should be relatively constant through 
the period of observation. This is in contrast to the other cell viability experi- 
ments in which activity is related to cubic centimeters of whole blood. There is 
no evident explanation for the initial lower level of radioactivity unless it is 
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related to tlic tuiu])oi‘ai'y red coll mass increase due to tlie transfusion. It is 
to be noticed (Pig. 3, D) tlmt there is a rcutilizatioii in this patient of 25 per 
cent of tlie erythrocyte iron similar to that .seen in previous animal experiments. 

E: A third phlebotomy was performed on tlie doiior on the twenty-first day 
after iron injection. Tliis blood was preserved in acid citrate dextrose for 
twenty -five days at 4° to 6° C. and then transfused. The recipient, JS-PD2G5, 
was a 4-ycar-oId cliild wlio Iiad Cooley’s anemia and Jiad received approximately 
twenty transfusions before the present study. On tlie day of transfusion his 
hemoglobin was 10 grams. The siirvival time of the.se red cells and the 
projected survival allowing for their time in the donor and preservative arc 
shown in Fig. 3, E. 

F: Donor LIv-PD244 was a patient uith polyej'tliemia vera who had been 
controlled by phlebotomy for two veal’s. He sliowed a higli-grade iron 
deficiency at the time of plilebotomy (ilCV 70, JICH 22, BICHC 30). Six 
daj's after injection of Fo®^, 500 c.c. of blood were removed and transfused 
immediately to recipient L-PD2G3. The sn])scqiiont levels of circulating radio- 
iron per cubic centimeter of whole blood are shown in Fig. 3, F. TJio recipient 
in this transfusion was a 4-ycar-old girl who had been anemic since birth witli 
typical findings of Cooley’s anemia. Slic had had more than eight transfusions 
before the present study and a hematocrit of 18.2 prior to transfusion. 

In another scries of observations, normal male subjects were given Fc“® 
intravenously and beginning twenty-one days later iron was talcon for four to 
six months by mouth immediately after meals. Subjects F and R consumed 
200 Gm. of ferrous sulfate and Subject M 400 grams. It would appear that 
enough iron was absorbed in tliis fashion to interfere somcwliat witli reutilization 
and to allow one to approximate the life span of the erythrocyte in eaeli case 
(Fig. 4). Hlean cell age was calculated as 125 days (Sul)ject F), 125 days 
(Subject R), and 114 days (Subject M). 

DISCUSSION 

TJic sensitivity of the counters used reach 3 per cent efficiency in the case 
of Fe®® and 20 per cent in the case of Fc®®. The counting levels obtained from 
blood samples were sufficient to allow accurate measurement of samples contain- 
ing less than 5 per cent of the initial circulating radioactivity except for 
experiment B (Fig. 3, E). Here, accurate counting, that is counts more than 
twice background, was attained only in values showing over 30 per cent ery- 
throcyte survival. 

In the dogs and in the patient with hemochromatosis (Figs. 2 and 3, D) 
there was appreciable reutilization of the erythrocyte iron, in the ncigliborhood 
of 25 per cent. Since these new base lines are stable over a period of several 
weeks, it seems justifiable to assume 100 per cent destruction of transfused 
erythrocytes when this level has been attained. In the remaining transfusions 
there was no significant rcutilization. Normal subjects fed iron, however, 
showed so great a rcutilization (approximately 75 per cent) tlmt interpretation 
of the data is difficult. 
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In these studies a population of red cells of approximately one age has been 
followed throughout their survival pei’iod in the circulating blood. The entrance 
of these cells into the circulation in the donor is shown by the utilization of 
the injected iron for hemoglobin production. In Fig. 5 is a composite curve 
of such utilization of I’adioiron obtained previously in normal subjects. This 

INFLUENCE OF ORAL IRON ADMINISTRATION 
ON RADIOIRON LEVEL OF THE BLOOD 



50 100 , ISO 200 250 

days 

100, F-FD67 ' 



50 100 . 150 200 250 

days 


Fig. 4.— The initial utilization of radioiron in three normal subjects is shown and the 
subsequent circulating radioactive levels during the period of iron intake by mouth. The sub> 
sequent iitilization curve with is also shown. It ■will be observed that between 100 ana 
150 days there is a significant decline in circulating radioactivity levels In each subject. 

indicates that normally the fourth day will represent the mean age of tagged 
cells and that some 75 per cent of the total number of tagged cells appear in 
circulation between the second and seventh days.^' In iron-deficient and per- 
nicious anemia patients responding to treatment, the utilization may be even 
more rapid. For purposes of calculation in Pig. 3, corrections are made by a 
dotted line for the moan age of the cells, according to when they would be 
expected to appear in the donors circulation. 

It might be questioned whether the sample taken immediately after trans- 
fusion is representative of tlie initial red cell level or whether during the 
process of transfusion which took between one-half and two hoiu’S some red cells 
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miglit ali'oady be lost from tho blood stream. It lias been previously demon- 
strated that nonriable erythrocytes may disappear very vapidly from circula- 
tion, that is, within minutes of transfusion.’’ ” For this reason it appeared 
necessary to liave some check on the initial level. Highly quantitative measure- 
ments were not possible since the blood given was only roughly measured and 

UTILIZATION OF RADIOIRON FOR 
HEMOGLOBIN PRODUCTION 



Kjs 5. — On the basis uf I'levjoxisly repoiteO” a conipo^Ue uilJJzaiion cMn’p n 

shown. This has been normaUzeC from the 74 per cent which appears in the blooil to 100 
per cent so that the daily increment of radiojrnn incorporated m erythrocytes may be shown. 

since the transXtision set tsas not always eomi)lctely em}3tiDcl of blood. In pa- 
tient F\V'FD129 three transfusions were given (Fig. 3, A, B, and C). The 
calculated blood voUunc on the basis of the radioactivity administered and the 
initial post-transfusion level were, respectively, in observations A, B, and C, 
1,340 C.C., 1,400 C.C., and 1,2S0 cubic centimeters. vSince A represents fresh 
normal cells which have been shown prcvioiwly to be a reliable measure of 
the circulating mass,'® the immediate survival of the other tu'o populations of 
red ceils may be assumed to be reasonably good. In O, the calculated radio- 
active cell volume was 2,160 c.e. while the Evans bine dye determination gave 
a cell mass of 1,975 cubic centimeters. In E, a Wood volume employing T1S24 
immediately after transfusion gave a determination of 1,030 c.e. whereas the 
radioactive blood volume was 950 cubic centimeters. In patient L-FD263 (F) 
an Evans blue blood volume performed six months after the initial study was 
1,500 e.c. as compared with the post-transfusion radioactive measurement of 
1,200 e.c. in the same patient. In no instance, therefore, was there an indica- 
tion of an abnormally large blood volume by radioactive measurement using the 
tw’enty minute samples. This would appear to exclude anj* appreciable cell 
destruction during the time of transfusion since such an event would result in 
a greatly enlarged cell volume determination by the radioactive method.’® 
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Previous ivork lias shown that very little radioiron injected intravenously 
appears in the circulating red cell mass when bone marrow synthesis is 
severely impaired, suggesting that only as a result of hemoglobin synthesis by 
the developing red cell can radioiron gain access to the erythrocyte.’®*^^ In 
the present studies, reutilization of iron is largely or completely blocked. 
Should there be an exchange of hemoglobin iron with plasma iron, the level 
of circulating activity Avould rapidly fall. The radioactivity in the recipients’ 
circulation, however, followed a suiwival curve similar to that obtained when 
tlie pyrrol pigment” or globin of the hemoglobin molecule is isotopieally tagged. 
It would then appear to be a safe assumption that the mature red cell through- 
out its life span has no apprccialilc exchange of iron with its surrounding 
environment. 

In three dogs the average turnover of iron from the time of appearance 
in circulation to disappearance is from 95 to 109 days. In patients transfused 
with various popuations of erythrocytes, 50 per cent of the erythrocytes had 
disappeared from circulation between 77 and 110 days after their appearance 
in circulation. The one normal cell population (Pig. 3, A) showed a mean 
cell survival of 110 days. This is consistent with other data of the life of the 
human red cell’* and would indicate that normally there is approximately a 1 
per cent daily turnover of iron through the red cell mass as a result of erythro- 
genesis and erythrocyte breakdown. 

In contrast to differential agglutination studies in which the red cell 
population measured is a mixed one, in these studies red cells of a single age 
could be followed throughout their life period. By drawing blood shortly 
after injection of radioiron it was possilde to obtain young cells as shorni in 
Fig. 3, B and 0. That these young cells repi’csent reticulocytes is indicated 
by Table I and by other studies,’® demonstrating that in fractionated blood 
the reticulocyte level and radioactive level show a high degree of correlation. 
Other studies’* have demonstrated that reticulocytes are capable of synthesiz- 
ing heme and maturing, and that their disappearance from circulation is asso- 
ciated with an increase in mature red cells. The present observations ivould 
indicate that they not only mature but have a reasonably normal life span. 

It is of interest that in pernicious anemia the reticulocytes after liver 
therapy have a normal life expectancy, since other observations on mixed popu- 
lation of untreated pernicious anemia macrocytes have indicated a considerably 
shorter life span. Iron deficiency reticulocytes as shown in Pig. 3, C and F 
survive a somewhat shorter than normal period, whereas the same cells in cs 
subject with a relatively normal blood picture show a relatively normal sur- 
vival. This suggests an influence of anemia per se on the life span although 
the varied nature of the recipients is such that no conclusions can be drawn. 
The different survival curves obtained with red cells from the same donor in 
diffei’ent recipients (Fig. 3, C and D) emphasize the importance of such factors. 
It is of interest that storage of blood before transfusion seemed to result in an 
immediate loss of approximately 20 per cent of the transfused red cells while 
the remaining erythrocyte population survived what would appear to be a 
relatively normal life spam 
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In subjects fed iron tiie ei'ytlu*ocytes remained iu theii* normal cuviroumeiit 
and were subjected to no manipulation. Although the great reutilization ob» 
sevu’es the erythrocyte breakdown, the mean cell age estimated at 122 days is 
quite similar to the figure of 127 days obtained by Shemin and Rittenberg''’ 
using in tlie same type of study. 

coxcnusioNs 

Tlie i-eutilization of radioactive iron fi’oin broken down red cells is 
elTectivoly blocked by the presence of enlarged iron stores and/or bone marrow 
dysfunction in animals and in human subjects. By using recipients with these 
chavactei’iatics, the erythrocyte unit of iron metabolism may be isolated. 

Under these expernnontal conditions it was possible to measure the life 
span of a red cell population of a single age. Observations were made of 
tagged macrocytes, microcytes, and normal red cells in normal and anemic 
recipients. Tiie I'eticulocytes from a patient with pernicious anemia respond- 
ing to therapy and from a ])aticnt with iron deficiency have been shown to 
have a relatively normal life span. 

The erytiirocyte iron turnover measured directly is approximately 1 ])er 
cent a day in dog and i\\ man. 

There is no dhccinnble exchange of iron between the red cell and its sur- 
roundings throughout the life span of the ciythrocyte. 
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TYROSINE aiETABOLISM IN HUaiAN SCURVY 

AValteb F. Rogers, 5I.D.,* Syracuse, N. Y., A^’l) 

Frank II. Gardner, Boston, JIass. 

INTRODUCTION 

I T HAS I)een shouTi that vitamin C is intimately connected with the metabolism 
of tj-rosme and phenylalanine. Sealoclc and Silberstein* reported that wlien 
lyrosine ^vas fed to scorbutic guinea pigs, homogentisie acid was excreted, a 
jdienomenon tliat could be prevented by the administration of /-ascorbic acid. 
Tliey also demonstrated- that tyi^osinc, fed to guinea pigs on a diet deficient 
in vitamin C, resulted in the cxei’efion of homogentisie, p-hydroxyphenylpy- 
ruvic, and p-hydroxyphenyl lactic acids, and that the administration of /-as- 
corbic acid prevented the abnormal excretion of these metabolites. Painter 
and Silva'* fed large doses of tyrosine to scorbutic guinea pigs but found no 
exci'ction of homogentisie acid in the urine, but did observe excessive excretion 
of the intermediary metabolites of tyrosine. In addition, Levine and co- 
workei's** ® noted that premature infants fed diets of vitamin C free cows’ 
milk containing 5 Gm. or more of protein per kilogram of body weight excreted 
p-hydroxyphcnyl lactic and p-hydroxyphenylpyruvic acids, the excretion of 
which was eradicated by the administi'ation of ascorbic acid. 

The purpose of this communication is to report the effects in normal and 
scorbutic human beings of feeding large amounts of tyrosine and the rapid 
effect of I-ascorbie acid in eomettug the abnormal tjTosinc metabolism found 
in the individuals with scurvy. 

MATEBtALS AND METHODS 

The patients ob^erve(t in this study were four scorbutic men aged (52, 64, 06, auti 71 
years, two normal men aged 22 and 29, and one normal noraan aged 75.t 

During the course of the studies, the scorbutic patients were maintained on a vitamin 
C-free diet consisting of two quarts of boiled skimmed milk, 450 grama of boiled rice, and 
thirty-six soda crackers daily. Sugar, coffee, and vitamin C-free purified jellies were allowed 
ad libitum. The two normal male subjects were allowed their usual diets. The normal 
fomalo subject uas maintained on the same vitamin C-frcc diet as the scorbutic patients, but 
received large supplements of crystalline ascorbic acid. Twenty-four hour samples of unne 
were collected daily from those patients and after suitable control periods of at least six days, 
all except one scorbutic patient wore given 20 Gm. of powdered MyrosmeJ per day orally, 
divided into four doses of 5 Gm. each. 
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JThls 75-year-o!d patient was thonght to have scurvy because of Purpura. The purpuia 
^vas of senile type only, and she was then studied as a normal patient aher receiving large 
supplements of ascorbic acid. 
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Afti'r a periud of tyrosine ndniinistriition, four of the scorbutic patients received large 
doses of ascorbic acid in addition to the t}-rosinc. When possible, a control period was 
included after the discontinuance of tyrosine. 

The ascorbic acid content of the white blood cell-platelet layer was determined by the 
method of Butler and Cushman.c The addition of 100 mg. of human fibrinogen (Fraction 1 
of human plasma [Cohn]') to 10 ml. of oxalated blood produced better separation of the 
white cell-platelct layer for assay. The whole blood ascorbic acid levels were determined 
by the method of Keuther.s 

The total excretion of hydroxj-phenyl compounds in the urine, expressed as tyrosine 
equivalents, was measured by the method of iledes.® The compounds measured by this 
method include tyrosine, p-hydroxyphenyl lactic, and p-hydroxyphenylpyrnvic acids, and are 
designated “tyrosj’l derivatives.” 

The reduction of phosphomolybdic acid by the urine as outlined by Medes” also was 
determined. This method, for the most part, measures the excretion of p-hydroxyphenyl- 
pyruvic acid, but is not specific and will react with homogentisic acid and other reducing 
substances. Since the reducing substances excreted by the scorbutic patients, wlrile receiving 
tyrosine, were not chemically identified, their reducing power was calculated as equivaleuts 
of a standard solution of hydroquinone. The presence of Immogentisic acid w’as tested for 
qualitatively by adding ferric chloride to urine that was made alkaline with sodium hydroxide. 
Calibration curves with hydroquinone standards for the phosphomolybdic reducing power 
and btyrosine for the ‘‘tjTOsyl” derivatives were prepared using the Evelyn photoelectric 
cell colorimeter. The tyrosyl derivatives w'ere read in the colorimeter exactly one minute 
after color formation to obtain maximum values. If they were read after allowing the color 
reaction to proceed for twenty minutes, as outlined by Levine and associates, o there was a 
marked drop in color intensity. The phosphomolybdic reaction was allowed to proceed for 
three hours before readings were made in tlie colorimeter. 

RESULTS 

Scoriutio Patients. — Case 1 (Fig. 1), a 62-year-old man, was admitted to the Boston 
City Hospital because of pain in the right thigh. He had classical signs of scurvy: a posi- 
tive tourniquet test, purpura on the legs, eechymoses of the right thigh, and hematomas 
around carious teeth. There was no detectable ascorbic acid present in the white blood 
cell-platelet layer of the blood. In a control period of six days on a vitamin C-£ree diet, 
this patient’s total “tyrosyl” excretion averaged 195 mg. of tyrosine equivalents per day 
with a range of from 128 mg. to 248 mg. per day. In this same control period, the ex- 
cretion of reducing substances as measured by the reduction of phosphomolybdic acid was 
equivalent to an average of 84 mg. of hydroquinone per day and ranged from 37 rag. to 
146 mg. per day. 

MTien the patient was given 20 Gra. of tyrosine daily, for six days, the excretion of 
“tyrosyl” compounds immediately increased, and on the sixth day of administration reached 
a level of 6,300 milligrams. The reducing substances of the urine remained unchanged from 
the control values for three days, but then steadily increased until on the sixth day of 
tyrosine administration the concentration was equivalent to 6,300 mg. of hydroquinone 
per day. 

The patient was then given the daily addition of 1 Gm. of 1-ascorbic acid orally a.“ 
well as 20 Gm. of tyrosine per day for five days. The ascorbic acid was then reduced to 
0.5 Gm. per day for the remainder of the study. With ascorbic acid therapy, the excretion 
of “tvrosyl” compounds immediately decreased and on the second day of therapy was 5S3 
mg. and fluctuated between 453 and 1,073 mg. per day for the next seven days, when tlie 
study ended. The reducing substances of the urine showed no decrease on the first day of 
ascorbic acid therapy and, in fact, increased to 6,620 mg. of hydroquinone equivalents. 
However, on. the second day of ascorbic acid therapy, the concentration of reducing sub- 
stances dropped to slightly above control levels, averaged 152 mg. per day, and remained 
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»t thnt value for four div)?. At Ilrw time the reducing poucr mcrcinied to « duily jueruge 
uf 252 ni^', of hstJroqujnone oquivnlcutu and i» interpreted as an inerea^ofl excretion of as 
corhic acid since this compound \mU reduce phosphoniolybdic acid under tiio conditions u'cd. 

Daring tho pejiod of tyrosine adwinUtration, the capUlaiy fragility inf-reased, as 
measured by the tourniquet test, and there was some bleeding from the gingival hematomas. 
All signs of capillary fragility digtippcared promptly after adinmis-tration of .T«corhic acid- 



Fi«. I — Case 1 (scurvy). Tn'cntj -fovir l>our cxcioljon levels befote anil after ti^atnient. 

Ctise S 2 and 3) a 64-yoarohl man uitli the clinical picture of scurvy and 

uith no detectable abcorbic acid in the uluto cell-platelet layer. He xva» maintained on the 
ssinio vitamin C-free diet as provided for the first patient. In a niae-day control period he 
excreted a daily average of 109 mg. of “tyrosyl” compounds. The reducing substance of the 
urmo in this same control period equivalent to a daily average of 74 mg. of hydro- 
quinone. 

The patient was then given 20 Gm. of ty^o^^ne daily oraWy, with a large imuiediatc 
rise ia cxcretioa of ‘Hyrosyl'* deiivatires. On the Second day he excreted 7,700 mg., and 
(jtt tho fifth day, 10,120 milligrams. On the seventh day of tyrosine adjainisirotion, he was 
given 2 Gm. of ascorbic aeid orally per day. This doso u-as continued for five days and then 
decreased to 1 Gra. per day for the remainder of the ulrservation period. Folloiving the ad- 
ministration of ascorbic acid, the c.xcietiou of compounds rapidly fell and, ol- 

tliough t?(e patient rcc^eivcd tyra^iiw for tweuty-five after institution of antiscorbutic 
thempy, his excretion of ^^tyrosyl" derivativiss, after the initial drop became evident, 
averaged only 530 rag. per day witli :i daily range of from 200 to 1,400 miUigraws. T^TOsine 
was stopped for a period of one week, during whicli time the average excretion dropped to 
230 mg. per day. In order that the patient should act as his oun control, he was given 
tvrosjco fyi another eight-duy period during which time the average excretion of “tyTOsyl" 
derivatiicb was 312 mg. per day with the dailj imixtimini being 400 rag. on the fourth day. 
In a final control period of ten days without tyrosine, he excreted an average of 140 mg. 
per day. 
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Pig. 2. — Case 2 (sentry). Daily "tyrosyl” excretion. 
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The reducing substances in this patient'a urine, during tlio administration of tyxosine, 
increased rapidly to 3,480 lug. of hydroquinonc equivalents on the second day and ranged 
afaovo 2,500 rog. per day throughout this period except for one value of 1,340 mg. which may 
bo in part an iacompJeto sample. There was a marked fall concomitant with the adrainistra* 
tion of 2 Gm. of ascorbic acid per day to an average level of 471 mgr. of bydroquinone per 
day. Again it is believed that this higher level of excretion tlian in the original control 
period was caused by the excretion of ascorbic aetd and was not duo to the administration 
of tyrosine. This contention is borne out by the fact that when tyrosine administration was 
discontinued for seven days the daily average remained essentially the same (446 mg. of 
hydroquinono equivalents per day) and that on rolnstitutioa of tyrosine administration the 
level tended to fall slightly, averaging 392 mg. of hydroquinone per day. 

During tho period of tyrosine administration, there was a marked increase in capillary 
fragility. For the first time, the tourniquet test produced numerous small liematomas over 
the forearm as well as petechial hemorrhages. Tho patient became weak and developed 
nausea and diarrhea; all sjanptoms disppcaretl when ascorbic acid was given. 

Cose S (Table I) was a 71-year-old man who entered the hospital with hematomas of 
both calves and marked capillary fragility. There was no detectable ascorbic acid in the 
wiiito blood ccll'platelot layer. Throughout the study the patient was on a vitamin C-free 
diet and received no additional tyrosine. 

In a six-day control period, before the administration of ascorbic acid, the patient 
excreted an average of 201 xng. of hydroxyphenyl compounds per day, and the reducing sub- 
stance of tho urine was equivalent to 64 mg. of hydroquinone per twenty-four hours. After 
tins control period, the patient was given 1 Gm. of ascorbic ncid a day orally for five days 
and then 0.5 Gm. for the remainder of the study. IVith ascorbic acid therapy there was no 
significant change in excretion of “tyToeyl” derivatives which averaged 196 mg. per day. 
The reducing substances in the urine remained low (averaging 92 mg. hydroquinone equiv- 
alents per day) for four days and then rose to an average excretion of 192 mg. per day 
which undoubtedly reflected the {nerea«ed amounts of ascorbic acid being excreted in the 
unne- 


Tabi-b I. Case 3 (Scurvy); Excretion Levels BEyoP.E and After AwnNiSTRATm 
OF Ascorbic Acid 


TBEATilENT 

PAYS 

AVERAGE TYHOSyi. 
DEKIVATrVES ! 

{MO./24 JIR.) ; 

AVERAGE IIYDRO- 
QUIKONE EQUIVALENTS 
(UC./24 HR.) 

0 

Ascorbic acid: 

6 

201 

64 

2.0 Gm. 5 days 

0.5 Gm. 5 days 

10 

390 

192 


Case 4 (Fig. 4). The patient entered the hospital coniplamiag of weakness and in* 
ability to walk. He had large hematomas in the right popliteal fossa extending to the groin. 
There was no measurable vitamin C in the white blood eell-plateJet layer of the blood. 
Tliroughout the observations the patient was maintained on the ntamin C-free diet. During 
a five-day control period tho patient excreted a daily average of 219 mg. of “tyrosyl” de- 
rivatives. The average daily excretion of reducing substances in the urine was 20 rog. 
hydroquinone equivalents. 

Tho patient was then given 20 Gm. of tyrosmo daily. By the third day the “tyrosyl" 
excretion had increased to 11,300 mg. and the reducing substances to 3,025 milligrams. 

During tho period of tyrosine administration, the patient developed nausea, diarrhea, 
singultus, and marked lassitude. The diet intake ^va3 not maintamed and urine collections 
could not be made. Tyroaino was discontinued and the patient received 1.6 Gm. of ascorbic 
acid parenterally and 2.5 Gm. orally daily. Despite the large doses of ascorbic acid and 
parenteral dextrose solution, the patient did not respond. He died five days after the onset 
of ascorbic acid therapy in an episode of pulmonary edema and shock. Post-mortem examina- 
tion revealed only pulmonary congestion and no hemorrliRgic phenomena. 




Normal Subject 1 
Period 1 
(See Fig. 5) 


Period 2* 


Normal Subject 2 


Normal Subject 3 




99 

G14 

112 

134 

91 

21S 

083t 

582 

8871 

230 

6361 


•500 nitt. ascorbic acid given oraliy during control and administration of tyrosine. 
tThese values are markedly ele^ated because of ascorbic acid administration tbrougbout 
this period. 
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Normal Patients. — Noimal tiuhjcct 1 (Fig. 5) in a control period of fourteen days 
excreted na average of 242 mg. of *‘tyrof.yl" compounds per day. The reducing substances 
in tiie urine in this same period were 184 mg. hydroqaiiione equivalents per day. He then 
received 20 Gm. of tyrosine daily for eleven days which resulted in a gradually increased 
excretion of “tyrosyl” compounds until the fifth day when it was 1,270 milligrams. There- 
after, for the next five days, u moderate fall in the excretion of “tyrosyl” derivatives oc- 
curred, followed by a second peak rc.aehing 1,078 mg, on the last tl.ay of tyrosine administra- 
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FI?. 5 — Normal Subject 1. ExcretJon levels of normal subject during tyrosine adniinisti.uion. 

tion. The average excretion of "tyrovyl" dematives during the entire period of tyiosme 
administration was 755 rag. per day; in a subsequent control period without tyrovine the 
excretion dropped to preadmmistratjon levels. 

The reducing substances in thi*! individual’s urine did not change appiecinbly during 
any portion of the e-xperiraent. During the administration of tyrosine they uere 167 mg. hydro- 
quinono equivalents per day which was slightly lower than m the pievioiis control period. 
\Vliole Wood ascorbic acid levels weie within normal limits and showed uo significant change 
during the control periods or uhen the patient wns receiving tyrosme. 

In order to determine if added ascorbic acid would change the response to 20 Gni. of 
tyrosine per day, the same observations were repeated on this patient with the exception that 
he was given 500 mg. of ascorbic acid daily, -itartmg three dajs before the adnimistration of 
tyrosine and continuing through the entire period of tyrosine administration, Table 11, 
Period 2. The addition of ascorbic acid m this instance did not change the response to 
tyrosine as evidenced by the fact that on one day the patient excreted 1,134 mg. of “tyrosyl” 
derivatives and the average excretion during tyrosine administration was 734 mg. per day 
as compared with the value of 753 mg. per day when he was not receiving ascorbic acid. 
The reducing substances in the urme inunediatcly increased when he took ascorbic acid, 
but were not augmented further on addition of tyrosine to his diet. 
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Normal Subject Z. The response to 20 Gin. of tyrosine daily for eight days in another 
normal male, aged 22, is shmni in Table II. It is similar to that of the previously described 
normal person, although this patient excreted slightly less hydroxyphenyl compounds, aver- 
aging 014 mg. per day during the period of tjTOsine administration. As in the first normal 
subject, after an initial rise, there was a decreased excretion for three to four days followed 
by a sceond rise. 

Normal Subject 3, a 75-year-old woman, was given the same vitamin C-free diet as 
described for the scorbutic patients. In addition, she received 1 Gm. of ascorbic acid orally 
for the first eleven days of control observation and 2 6m. daily throughout the remainder 
of the study. During a control period of nine days she averaged 218 mg. per day of 
"tyrosyl” derivatives. She was then given 20 Gm. of tyrosine daily for a five-day period 
and the “tyrosyl” excretion averaged 582 mg. per day. During another five-day control 
period the excretion averaged 230 mg. per day. 

During a nine-day control period while receiving 2 Gm. of ascorbic acid daily, the pa- 
tient 's average excretion of reducing substances was GS3 mg. hydroquinone equivalents. 
During the period of tyrosine administration it rose to a daily average of 887 milligrams. 
In the second five-day control period the daily average was 636 milligrams. Again it is be- 
lieved that the high values in the control period are associated n-ith the reducing power of 
ascorbic acid. This normal subject showed a rise in reducing power of the urine during 
tyrosine administration. Although no complete explanation is available, the large dosage 
of this amino acid may have materially aided in the excretion of ascorbic acid. 

DISCUSSION 

From the foregoing results, it -would seem safe to assume that the relation- 
ship between ascorbic acid and the metabolism of tyrosine in the adult human 
being is similar to that which had previously been demonstrated in the guinea 
pig^’ - and the premature infant.'^ Sealock* has reported that normal human 
beings on a “diet pi’aetically free of ascorbic acid” excrete significant amounts 
of homogentisie acid when ingesting tyrosine, which was prevented by “reason- 
ably lai’ge doses of crystalline ascorbic acid.” However, no quantitative data 
are presented as to tlie amount of tyrosine ingested, the excretion of homo- 
gentisic acid, or the amount of ascoi’bic acid given. 

In the present observations, the ingestion of tj-rosine orally by scorbutic 
patients resulted in a markedly increased excretion of “tyrosyl” derivatives. 
The method used for the detection of the “tyrosyl” compounds theoretically 
measures tyrosine, p-hydroxj-plienylpyruvic acid, and p-hydi-oxyphenyl lactic 
acid. As the urines were not fractionated or the compounds isolated, it is im- 
possible to say which ones were proportionally responsible for the increased 
excretion of hydroxyphenyl compounds. Evidence that a large proportion was 
due to 2i-hydroxyphenylpyruvie acid is found in the marked increase of the 
reducing power of the urine. However, this reaction is not specific since 
another intermediary of tj-rosine metabolism, namely homogentisie acid,' will 
cause the reduction of pliosphomolybdic acid. Although qualitative tests for 
homogentisie acid in these urines were negative, it conceivably could have been 
present and could have affected the quantitative reduction of phosphomolybdic 
acid, but could not be detected qualitatively. The absence of homogentisie acid 
is more in keeping with the animal studies of Painter and Silva.^ 
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III the scorbutic iiatieiils, tlie increased power of the uritiD to reduce pbos- 
phomolybdic acid lagged behind the inercased excretion of '‘tyrosyl” deriva- 
tives, the latter increasing imincdiatcly after the ingestion of tyrosine. Like- 
wise, the response of the reducing substances to nscoriiic acid in one patient 
(Ca.se 1) was slower than that of the total hydroxyphenyl compounds Despite 
the nonspccifieity of the methods used, the changes noted in the scorbutic pa- 
tients would seem to he the result of the tyrosine and aseorhic acid adrainistra 
tion since the regimes were constant c.xcept for these two variahlcs. 

Tijc excretion of ‘'ti-rosyl” derivatives hj' scoihutic patients wlio ucro 
maintained on a vitamin O-fiee diet did not diiTcr appreciably from that of 
normal .subjcels when they were not icceiviug tyrosine The metaboUc ab- 
normality was noted oniy when they were given oxogenou.s tyrosine. Purthcr- 
morc, tlie scorbutic patient (Case 3) who received oniy ascorbic acid and no 
tyrosine sliowcd «o stalisticafly significant change in excretion of “tyrosyl” 
derivati\o.s after tlie administration of aseorhic aeid Normal Subject 3 demon- 
strated that the diotar.i rcuime liad no significant role in “tyrosyl” excretion 

The scorbutic patients demonstrated a progressive increase in capillary 
fragility while receiving tyro.sinc AVhile the death of tlie imtient (Cose 4) 
cannot be ascrihed to a hemorrhagic lesion as a result of sciutv, novortheloss. 
all the vitamin G-defieiont patients showed progression of the scorbutic skin 
lesions associated with increased weakness and lassitude during administration 
of Z-tyrosino. Presumnhly the administration of amino aeid in these largo 
amounts jilncod an increa.scd dcniand on the niimcasiircd body stores of vitamin 
C. In tile original work of Sealock,' it is implied that the feeding of tyrosine 
results in a depletion or excess utilization of the ascorbic acid of the body This 
pbcnomeiioii was apparently demonstrated clinically under the condition,s used 
in the present study hy the progressive intensity of the signs and symptoms of 
■scurvy. However, in the normal individual, there was no significant decrease in 
the ascorbic acid content of the whole lilood during the administration of tyro- 
sine, and wlien these same radividnals were given added a.scorhic acid before 
and during administration of tyrosine, it did not change tlieir response to this 
amino acid. 

That the abnormality of the metabolism of h.vdroxyphenyl compoiind.s has 
wider implications than in scurvy alone has support in the effect that liver e.x- 
traet and ptcvoylglutamie acid have on the metabolism of hydroxyphenyl com- 
pounds Swendseid and eo-workcrs’”’ have reported that patients ivith per- 
nicious anemia excrete ahnormally large amounts of hydroxyphenji compounds 
and that tiie excretion of these compounds decreases to normal levels when liver 
extract is given. Sealock and Lepow'- also have shown that nntipernirious 
anemia extracts partially improved the tyrosine metabolism of scorbutic guinea 
pigs. Likcwi.se, ptcroylglutamic acid has been shown to liave an effect on the 
metabolism of hydroxyphenyl compounds in scorbutic giiinoa pigs both in 
in vivo'* and in vitro c.xperimcnts.'* In addition, the administration of ascorbic 
acid to animals defieiont in ptcroylglutamic acid has altered the course of this 
deficiency.” 



1500 


ROGERS AND GARDNER 


SUJIMAEY 

Tile metabolism of tyrosine was studied in four patients with scurvy and in 
three normal individuals. In six of these individuals, 20 Gm. of tyrosine per 
day was given by mouth for periods vazying from five to thirty-one days. 

The patients with seurvj% w’hile on a vitamin C-free diet and oral ad- 
ministration of tyrosine, excreted lai’ge amounts of “tyrosyl” derivatives, and 
the ability of their urine to reduce phosphomolybdic acid increased markedly, 
presumably due in part to the presence of 2}-hydrox5T)henylp3'ruvic acid. The 
addition of ascorbic acid to this regime in the scorbutic patients resulted in a 
rapid decrease in the excretion of “tj'rosyl” derivatives and the disappearance 
of the abnormal reducing material in the urine. 

The excretion of “tyrosj'l” derivatives in normal individuals on tju’osine 
was comparable with that of scorbutic subjects during the period when they 
wei’c receiving ascorbic acid. At no time did the reducing substance of the 
urine of normal individuals rise significantly while they were receiving tyrosine. 
The addition of ascorbic acid to a normal individual’s diet did not change the 
response to the administration of t3Tosine. 

It is concluded that individuals with scurv3’ have a mai'ked defect in the 
metabolism of tyrosine and hydrox3'phen3d compounds and that previous ex- 
periments with scorbutic animals and premature infants are in general agree- 
ment with the findings I'cported here. 

It seems unlikely that this defective metabolism of tyrosine plays a sig- 
nificant role in the clinical picture of scumy since the excretion of “t3T0syl” 
derivatives was not remarkable unless added tyrosine was given. 

The clinical status of scurvy is made more severe during tyrosine therapy 
nith increase in capillaiy fragility. These manifestations are completely con- 
trolled when ascorlzie acid is added to the diet despite continued administra- 
tion of tyrosine. 
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OBSERVATIONS ON THE ETIOLOGIC RELATIONSHIP OF 
ACHYLIA 6ASTRICA TO PERNICIOUS ANEMIA 


XI. Hejiatopoietic Actiyity in Pernicious Anemia of a Beep Muscle 
Extract Containing Food (Extrinsic) Factor Upon Intratonous 
Injection Without Contact With Gastric (Intrinsic) 

Factor 

Frank H. Gardner, M.D.,“ John W. Harris, M. H., 

Robert F. Schilling, M.D.,t and 
William B. Castle, M.D. 

Boston, Mass. 

P REVIOUS obsei'vations'' - have shown that 200 Gm. of beef muscle are 
hematopoietically active in addisonian pernicious anemia when 150 ml. of 
normal human gastric juice also are given by mouth within six hours, or prefer- 
ably simultaneously, as a daily regime for a period of ten days. If an acid 
mixture of beef muscle and gastric juice is incubated for twelve houi’s for the 
purpose of effecting peptic digestion of the beef muscle and is then neutralized, 
it also is active.^ On the other hand, if the incubated mixture is heated to 100° 
C. for five minutes, its hematopoietic activity as determined by oral administra- 
tion is destroyed,^ whereas that of whole liver or liver extract is not deteetably 
affected by such a procedure. From this it was assumed that the thermostable 
antipernicious anemia principle of liver was not formed by the incubation pro- 
cedure in vitro and that the effect of heat was merely to destroy a thermolabilc 
factor in the gastric juice. 

If a beef muscle and gastric juice mixture is given at an acid pH (1.8 to 
'") subsequent to the twelve-hour acid incubation period, no hematopoietic 
!■ ect appears.^ If, hoivever, this acid incubated mixture is treated with alkali 
to give a pH of 5 to 7 just prior to oral administration, it is active. This sug- 
gested that a preliminary chemical interaction occurred between the so-called 
extrinsic factor of beef muscle and the intrinsic factor of normal human gastric 
juice at or about neutrality udthin the intestinal tract. Such a reaction was 
conceived as necessary for the eventual formation of the antipernicious anemia 
principle in tlie body. It seemed probable, therefore, that the extrinsic factor 
was chemically different from the antipernicious anemia principle of liver. 

Because of this evidence, the increased hematopoietic activity in pernicious 
anemia of liveF and of relatively crude liver extracts^ when given orally to- 
gether with normal Inunau gastric juice was originally assumed to indicate the 
presence of extrinsic factor as well as of the antipernicious anemia principle." 
However, it was later shown" that even refined liver extracts when given by 
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mouth were potentiated in their hematopoietic effect by gastric juice and that 
destruction of the antipernicious anemia principle of such extracts by hydrol- 
ysis with 5 per cent sulfuric acid resulted likewise in the loss of extrinsic 
factor activity. Recently it was found^ that the hematopoietic activity of orally 
administered pure vitamin derived from liver (prcsumablj* the antiper- 
nicious anemia principle) also was enhanced by the simultaneous administration 
of normal human gastric juice — but that the activity of the combination when 
given orally was not so great as that of the vitamin B ,2 when administered 
alone parenterally. 

The observations reported here concern questions obviously raised by these 
findings: (1) Can extrinsic factor alone (beef muscle) act directly as the anti- 
pernicious anemia principle; that is, is a suitable preparation of beef muscle, 
like vitamin B,«, hcinatopoictieally effective in pernicious anemia upon paren- 
teral administration without contact with gasti'ic juice? (2) Is the hemato- 
poietic potentiating action of intrinsic factor in pernicious anemia specific only 
for vitamin and chemically similar substances in beef muscle and in other 
foods; or docs intrinsic factor also facilitate the nonspecific absorption or other- 
wise cnliance the hematopoietic action of other sub.stances? 

METHODS 

All patients studied had addisonian pernicious anemia either in relapse 
or without previous treatment. The diagnosis was established by the character- 
istic blood and bone marrow morphology and by the presence of histamine-fast 
achlorhydria. It was confirmed in each patient by one or more reticulocyte 
responses to specific therapy and eventually by a return to normal blood values 
as a result of liver extract therapy. During the observations the basal diet of 
the patients contained no meat, fish, or eggs, and little milk. The administra- 
tion of the test substances, including the normal human gastric juice, was made 
at 8 p.M. The last meal of the day, consisting of tea and white toast, was at 
4 p.M. This separated the test substance by at least four liours from any food 
constituent considered likely to contain extrinsic factor. 

The attempted plan of the observations was to administer to the patients 
during three consecutive periods of ten or more days each a unifoim daily 
dose of extrinsic factor derived from 400 CSm. of beef muscle first orally, then 
orally with 150 ml. of normal human gastric juice, and finally intravenously 
without gastric juice. In evaluating the hematopoietic activity of the various 
preparations used, the method of serial i‘cticulocytc responses® was employed. 

Formijne® has shown that a 70 per cent alcohol extract of beef muscle 
possesses extrinsic factor activity in pernicious anemia. Consequently the 
preparation of such an extract was undci*taken, starting with a concentrated 
aqueous extract of lean beef muscle,* of which 1 Gm. was derived from 14 to 
16 Gm. of beef muscle. Folio-wing dilution of the aqueous extract with an equal 
volume of distilled water, a TO per cent alcohol concentration by volume was 
made by the addition of suitable amounts of 95 per cent ethyl alcohol. The 

•Kindly supplied by Dr. W’illlam Peabody of the Valentine Company. Inc.. Richmond, Va. 
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Table I. Effect of Daily 


CASE 


10 AIL. MEAT EXTRACT* ORALLY 


109 


110 


111 


10 AIL. SIEAT EXTRACT* AND 150 ML. 
GASTRIC JUICE ORALLY 


105 


109 


110 


111 


PERIOD 


DAY OF 
THERAPY 


0 

1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 


R.B.C. 

(MIL.) 


1.28 


1.28 

Tsf. 

1.59 


1.G6 


RET. 

(%) 


E.B.C. 

(MIL.) 


RET. 

{%) 


0.4 

0.4 

0.6 

0.3 

0.0 

0.7 

0.7 

0.6 

0.7 

1.2 

O.S 


Cont ’d 
109-11 


1.72 


1.73 


1.96 


2.24 


1.3 
0.7 
1.0 
0.9 
1.1 

1.4 
1.9 

3.4 
2.1 
2.6 
1.9 


Cont’d 

110-11 


R.B.C. 

(MIL.) 


RET. 

(%) 


R.B.C. 

(MIL.) 


RET. 

R.B.C. 

RET. 

R.B.C. 

RET. 

R.B.C. 

(%) 1 

(MIL.) 

(%) 

(MIL.) 1 

(%) 

(MIL.) 


1.82 

1.75 


1.54 


1.58 


0.7 

0.9 

0.7 

1.3 

1.4 
1.2 
0.8 
0.9 
O.S 
1.0 


Cont ’d 

ni-ii 


1.87 1.5 

1.66 O.S 

1.9 

1.0 

1.3 

0.6 

1.3 

1.4 

1.83 1.3 

0.3 

1.5 

1.9 

1.4 

1.62 0.5 

2.15 1.6 

1.42 1.5 

1.78 1.2 

1.4 

1.1 

. 1.9 

1.3 

1.3 

1.3 

2.6 

1.91 2.3 

1.35 1.4 

1.85 2.0 

1.40 2.5 

3.8 

1.0 

2.5 

3.2 

1,90 5.2 

1.2 

1.7 

3.7 

5.9 

1.59 1.6 

2.53 1.7 

1.52 4.5 

2.11 6.8 

2.9 

1.7 

4.1 

7.2 

2.3 

1.5 

4.8 

2.49 3.7 

1.50 1.5 

Cont’d 

3.3 

5.3 

1.8 

110-ra 

1.54 2.2 

2.58 2.3 

2.3 


2,2 

End 

1.40 3.3 


Cont 'd 


5.0 


111-ni 


8.0 




1.44 7.2 




7.4 




10.9 




1.90 7.9 




8.3 




9.1 




2.10 10.1 




■■HI 














- 


xritijBiuiiion ot ;:.iu nn. ot pacKea rcu oiooa celts. 

*10 ml. of meat extract are derived from 400 Gm. of lean beef muscle. 
tKule indicates end of therapy in period. 


fioccnlent precipitate resulting was allowed to settle overnight at 5° C. The 
supernatant liquid was then filtered through a fluted paper filter and the pre- 
cipitate ivashed on the paper with one-fifth the initial volume of 70 per cent 
alcohol. The precipitate ivas then discarded. Thereafter, the alcoholic filtrate 
was concentrated by free evaporation on electric hot plates. At the final point 
of concentration, the boiling point reached 108° ± 4° C. The volume of the 
concentrated filtrate wms then so adjusted with distilled water that 1 ml. wms 
derived from 40 Gm. of the original beef muscle. The filtrate w^as then bottled 
and autoclaved for twenty minutes. Throughout the preparation of the al- 
coholic extract, precautions w-ere maintained to employ pyrogen-free fluids and 
apparatus. 

Wlien the preparation was given orally, 10 ml. ivcre diluted in either 150 
ml. of physiologic saline or in 150 ml. of neutralized normal human gastric 
juice secreted after the injection of histamine. When given intravenouslj', 
10 ml. of the extract ivere mixed with 500 ml. of 5 per cent sterile dextrose and 
water. The slow intravenous administration of the moat extract rvas followed 
in a few instances bj' moderate or mild febrile reactions. These reactions 
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Administration of Various Substances 


10 MI,. MF-AT EXTRACT* IKTIU\ VENOUS!, Y 



i^bes^h 

108 

109 

110 

111 

1 

I 

I 

III 

ill 

HI 

B.B.C. 1 RET. 

n.B.C. 1 RET. 

nn.c. luET. 

U.n.C. (KET. 

ILB.C. JRET. 

(MIL.) 1 RET. 

(MIL.)1 (%) 

{MIL.)l(9'o) 

(im,.)k%) 


(MIL.)1(%) 

■n.B.c. 1(%> 

U .18 0.2 

MliMlIM 

1.79 0.3 

BIEHSn 

1.5 

9.M 

0.4 

0.8 

0.2 

4.2 

2.32 2.1 

1.7 


0.9 

1.51 0.3 


— 

1.41 1.0 


0.8 

0.2 

2.15 2.9 

1.3 

1.2 

2,39 0.1 

1.2 

0.4 

1.2 

2.39 1.6 

2.2 

0.4 

2.17 2.0 

1.44 0.6 

1.8 

2.5 

2.0 

2.21 1.8 

2.9 

0.4 


3.3 

1.51 4.6 

4.2 

3.1 

0.6 

4.4 

2 . 5 S 3.9 

5.5 

2.23 7.3 

4.9 

0.8 

6.4 

3.7 

6.7 

8.3 

4.6 

1.51 1,3 

2.63 4.8 

2.6 

1.60 5.9 

2.40 9.3 

3.6 

2.1 

5.4 

2.65 1.1 


C .4 

2.5 

2.8 

2.7 

End 

7.8 

2.25 3.3 

2.69 3.1 

3.6 

3.23 1.2 


1.61 7.8 

2.6 

3.8 

4.7 

End 


6.3 

2.58 2.6 


1.39 5.4 



7.3 

End 

1.8 

s.g 



1.63 7.1 


3,01 1.3 

5.7 



6.0 


1.6 

1,55 S ,6 



5.4 


1.6 

Cont’d 


0.5 Mg of 

1.75 4,2 





vitamin 4 

3 .D 


End 



Bu doily 

1.74 3.4 






2.1 






1.4 






1.79 1.2 






(Jont’d 






11 MV 


1 fiG VITAMIN B„ 
INTRAMUSCULARLY 


108 

111 

II 

IV 

R.B.C. i RET. 

R.B.C. [RET. 

(MIU)1(%) 


1.55 5.0 

1.79 1.2 

5.0 

1.8 

4.3 

2.S 

1.67 3.1 

2.23 3.2 

3.2 

4.1 

4.2 

4.9 

1.80 5.1 

2.48 7.6 

6.3 

4.6 

7.3 

5.6 

2.00 5.3 

2.58 4.8 

4.S 

4.7 

3.9 

3.9 

5 .S 

2.48 3.7 

2.13 3.0 

2.0 

T)..! 


5.3 


2.31 5.2 


End 



usually developed with the first two or three injections and did not thereafter 
recur. No signs of subsequent sensitisation to tlie extract or to beef appeared 
in any of the patients. 

OBSERVATIONS 

Is Extrinsic Factor Hematopoietically Effective Upon Parenteral Ad- 
ministration Without Intrinsic Factor? Tlic results of the observations upon 
the hematopoietic effect of the 70 per cent alcohol extract of beef muscle in 
seven patients with pernicious anemia are shown in Table I. Although the in- 
dividual reticulocyte peaks are small, the trend of their values and the time 
of their maxima and of the clinical improvement exhibited by the patients con- 
vinced the observers of the validit}’ of the conclusions drawm under the usual 
carefully controlled conditions of the tests. In one patient, Case 105, the ex- 
tract derived from 600 Gm. of beef muscle given orally daily together with 
150 ml. of normal human gastric juice was hematopoietically active. In two 
patients, Cases 109 and 111, the extract derived from 400 Gm. of beef muscle 
was inert upon daily oral administration, was slightly active upon daily oral 
administration with 150 ml. of normal human gastric juice, and was still more 
active upon daily intravenous administration without gastric juice. In one pa- 
tient, Case 110, the preparation of extrinsic factor was weakly active upon 
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daily oral administration, was slightly more active when given with normal 
human gastric juice, and was still more active upon intrai'enous administration 
without gastric juice. Three patients. Cases 106, 107, and lOS, received the 
extract without gastric juice by intravenous injection only. A definite reticulo- 
cjhe response appeared in each instance. In Case 107 the red blood cell count 



1 . — Hematopoietic effects in Case 111 of the uniform daily administration of various 
substances in successive periods as shown. (/) refers to 10 ml. of 70 per cent alcohol soluble 
meat extract derived from 400 Gni. of beet muscle. Note the three successive reticulocyte peaks 
indicating:, respectively, activation of the extract upon oral administration with normal human 
gastric juice, its greater activity upon intravenous administration without gastric juice, and 
nnally the still greater activity of vitamin Bi- when given in a dose of 1 /ig daily. 


increased in twenty days from 2.07 to 3.09 millions per cubic millimeter. In 
two patients, Cases 108 and 111, the daily intramuscular administration of 1 
;ig of crystalline vitamin B 12 *' folloiving the period of intravenous administration 
of the beef muscle extract resulted in another definite reticulocyte peak. From 
this it Avas inferred that the hematopoietic activity of the extrinsic factor 
preparation upon parenteral administration was distinctly less than that of 
1 of vitamin B,„. The results in Case 111 are shown in Fig. 1. 

Is the llematopoictic Fotentiating Action of Intrinsic Factor Specific? 
In order to determine whether or not normal human gastric juice possesses a 
nonspecific effect in enhancing absoi’ption from the alimentary tract in per- 
nicious anemia, the blood levels of test substances presumablj’- unrelated to 
vitamin Bj- were followed after oral administration to seven patients with 
pernieiou.s anemia. Most of the observations were made before treatment, but 
a few Avere conducted subsequently during remission after specific therapy. 
Tims, blood glucose and blood tyrosine levels Avere detennined folloAving the 


•Kindly supplied by Dr. Augustus Gibson of Merck & Co.. Inc.. Rahway, N. J. 
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oral administititioii of single doses of 50 and 10 Gin. respectively of those sub- 
slanees to fasting patients. The test substances were mixed together and given 
simultaneously with either 150 ml. of noiinal human gastric juice or with an 
equal amount of physiologic salt solution upon alternate days. Blood alpha- 
amino nitrogen and nonprotein niti'ogen levels were similarly followed after 
the ingestion of 50 Gm of vitamin-free casein (Labeo) (previously shoum to 
contain no extrinsic factor)*® wdth cither physiologic saline or normal human 
gastric juice upon different daj’s. Glucose determinations were made according 
to the method of Folin and Wu** and of Folin,*^ tyrosine by the method of 
Bernliart and Schneider,*^ alpha-amino nitrogen by the method of Krauel,** and 
nonprotein nitrogen by the method of Foliii and Wu.** As shorni in Table II, 
no oonsistently enhanced absorptive effects upon glucose, ^-tjTosine, or casein 
were observed that could be attributed to the gastric juice in any of the patients 
with pernicious anemia so tested, before effective therapy. Not shown are the 
similar negative results obtained in a few patients after treatment. 

The possible hematopoietic potentiating effect of normal human gastric 
juice upon sjTithetic pteroylglutamic acid,* cither by increasing its absorption 
or by other action, was also assayed in two patients, Cases 112 and 113, not 
included in the tables. To each, 0.5 mg. of pteroylglutamic acid was given orally 
daily during a first period of ten or more days togotlier with 150 ml. of physio- 
logic saline, and during a second period of ten days the same amount of pteroyl- 
glutamic acid was given orally dail}'- together with 150 ml. of normal human 
gastric juice. In the first period of Case 112 a reticulocyte peak of 9.3 per cent 
was reached ou the eighth day following an initial red blood cell count of 1.63 
million per cubic millimeter. In Case 113 the corresponding value was S.l per 
cent reticulocytes on the eleventh day following an initial red blood cell level 
of l.SG million per cubic millimeter. ^Vllen gastric juice replaced the physio- 
logic saline in the second periods no detectable reticulocyte peaks appeared in 
either patient. Thus, no hematopoietic potentiating effect of normal human 
ga.stric juice upon pteroylglutamic acid was observed. 

DISCUSSION 

In 1938 Dock*® wrote, “It seems probable that beef muscle contains the 
same material as liver, but in quantities too small to be effective unless absorp- 
tion is increased by gastric or enteric ferment. For some reason, parenteral 
administration of muscle extract seems not to have been tried, but extract of 
muscle which had been incubated with gastric juice was potent in Wilkinson’s 
c.xperiments. “ 

The potentiation of the hematopoietic activity of vitamin witli gastric 
juice upon oral administration*’ ** and the present confirmation of our pre- 
liminar}’ observation* that the extrinsic factor of beef muscle is hematopoi- 
etically active upon parenteral administration wiiJiont gastric juice go far to 
support Dock’s surmise. It is of interest that Willdnson*^ employed by daily 
intramuscular injection an extract derived from about the same amount of 

•Folvlte. kindly svipplled by Dr. Guy W, Clark of Lederle Laboratories. Inc.. Pearl 
River, N. Y. 
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beef muscle as \ve used. Althouj;h it was administered subsetiueut to incuba- 
tion with an extract of ho*? mucosa, it seems probable that this was the first 
demonstration, though not then so interpreted, of the hematopoietic activity 
of a beef muscle extract upon parenteral administration. 

The potentiating effect of normal human gastric juice upon orally ad- 
ministered vitamin has been demonstrated.^* The present observations 
fail to show any enhanced absorption by gastric juice of ^-tyrosine, glucose, or 
of the digestive products of orally administered casein. Pteroylglutamic acid 
was not demonstrably more active in producing a reticulocyte response when 
given with gastric juice than with an equal amount of physiologic salt solution. 
On the basis of the present evidence, then, the action of intrinsic factor appears 
to he a specific one — presumably a hematopoietic potentiating effect on sub- 
stances possessing identity with or chemical similarity to vitamin Bij. 

There is suggestive evidence, however, that vitamin may exist in nature, 
not necessarily in the pure form employed in these observations, but rather as 
protein “conjugates” or analogues. Thus, Smith and Parker’® noted the 
“dramatic” increase in coiiecnti*alion effected by hydrolysis with trypsin of 
liver fractions containing vitamin According to Cohn and associates, the 
antipcrnicious anemia actinty of liver may remain largely with the proteins 
if their dennturation is avoided during the chemical fractionation of the liver. 
A synthetic modification of vitamin B,- known as vitamin Bjja” with definite 
though reduced hematopoietic activity has recently been made by hydrogena- 
tion of vitamin By chromatography a second crystalline variant, designated 
as vitamin Biab, has been prepared from liver and appears to possess biologic 
acti\'ity in both chick and microbial assays.-’ 

Finally, from the comparative degrees of potentiation of pure vitamin Bij 
and of the present beef muscle extract by normal human gastric juice, at least 
an impression of a discrepancy is conveyed. Tims, in our previously reported 
observations,’ with the exception of Case 102, the potentiation of the activity 
of 5 /ig of pure vitamin B,, by gastric juice, tiioiigh definite, was not remark- 
able in terms of reticulocyte responses. Yet in the present observations upon 
Cases lOS and 111, the daily dose, 10 ml., of the beef muscle extract employed, 
although possessing upon intravenous injection distinctly less than the hemato- 
poietic activity of 1 /ng of pure vitamin B, 2 , wa.s nevertheless capable of de- 
tectable increase in hematopoiolie effect when given orally in the same dosage 
with gastric juice. According to microbial assays using the organism Lacto- 
hacillus lactis Dorncr,* the vitamin B^ content of 10 ml. of this beef muscle 
extract was 0.9 microgram. Assay of the same extract using the organism 
Lactohacillus leiclmannii-^^ demonstrated 0.37 fig of vitamin Bia per 10 milli- 
liters. In the latter method the effect of bacterial growth promoting substances 
other than vitamin Bjg is stated to be dctemiined by difference following 
destruction of the vitamin B ,2 in an aliquot portion of the sample bj- alkaline 
hydrolysis. This procedure completely destroyed the microbial activity for 

•These assays were UlncUy performed by the laboratories of Merck & Co . Inc.. Rahway, 

N. J. 

tThese assays were kindly performed by Dr. Thomas H. Julies of Lederle Laboratories. 
Inc. Pearl River, N. Y. 
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L. Icichmannii, and so presumably indicates the absence of significant quantities 
of thymidine or of other desoxyribosides. The results obtained upon microbial 
assay are seemingly in reasonably close agreement with each other and with 
the clinical effects upon intravenous injection in Cases 108 and 111. However, 
as indicated, the potentiating effect of gastric juice upon the beef muscle ex- 
tract when orally administered is perhaps greater than would be expected from 
less than 1 /xg of vitamin Bi,. Thus, it is possible that substances in the beef 
muscle extract other than microbially active vitamin Bj, may be effective as 
food (extrinsic) factor in pernicious anemia. Yet, so far as can be inferred 
from the negative results of the studies with glucose, ?-tyrosine, casein, and 
lUeroylglulamie acid, the function of the gastric (intrinsic) factor is a specific 
one. 


SUMAtARY AND CONCLUSIONS 

1. Observations were made during successive periods of ten or more days 
in seven patients with addisonian pernicious anemia employing a 70 per cent 
alcoliol extract of beef muscle as a source of food (extrinsic) factor. 

2. When 10 ml. of the extract derived from 400 Gm. of beef muscle were 
given daily by mouth to these patients, a detectable reticulocyte response ap- 
peared in only one instance. When the extract was given together with 150 ml. 
of normal human gastric juice to four patients, reticulocyte responses appeared 
in all instances, and when the material was subsequently given intravenously 
without gastric juice to three of these patients, another reticulocyte response 
appeared, thus indicating greater hematopoietic aetivit.v. 

3. In two patients it was shown that the hematopoietic effect of 10 ml. of 
the beef muscle extract upon daily intravenous injection was less than that of 
the daily intramuscular injection of 1 /xg of crystalline vitamin Bj,. Microbial 
assays indicated that 10 ml. of the beef muscle extract contained from 0.37 to 
0.9 fig of vitamin B,; activity. 

4. However, judging from our previous observations upon the potentia- 
tion of 5 /xg of crystalline vitamin B,, by normal human gastric juice, the 
liomatopoietic activity of the beef muscle extract when given orallj' with gastric 
juice appeared to be surprisingly great. 

5. Only this fact suggests that substances in the meat extract other than 
vitamin Bi: are susceptible of potentiation by normal human gastric juice upon 
oral administration in pernicious anemia. 

6. No evidence was obtained for a nonspecific effect of gastric (intrinsic) 
factor in increasing the hematopoietic action of pteroylglutamic acid or in pro- 
moting the intestinal absorption of glucose, l-tyrosine, or the dige.stion products 
of casein. 

Wo desire to express our indebtedness to the late Dr. Lionel Berk, wliose death un- 
happily interrupted the preliminary work that led to the present observations. We have re- 
ceived much valuable advice from Dr. Arnold B. Welch and Dr. Robert W. Heinie of the 
School of Medicine of Western Reserve University, Finally, we are grateful to Miss Phyllis 
Gordon, Mrs. Katharine Bingham, and Miss Angela Pasquariello for the performance of the 
blood examinations. 
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FURTHER OBSERVATIONS ON THE USE OP THE URINARY 
PIGMENT-CREATININE RATIO FOR THE MEASUREMENT 
OF BASAL METABOLIC RATE 

Jefferson J. Vorzimer, SI.D., F.A.C.P., and Ira B. Cohen, M.D. 

New York, N. Y. 

I N A previous communication,* it was found that an accurate correlation ex- 
isted between the basal metabolic rates as determined bj' the respiratory 
calorimeter and the urinary pigment-creatinine ratio (P/C).t On the basis 
of statisticallj^ valid results obtained in 156 adult female subjects and 57 adult 
male subjects, regression equations were derived which permit the calculation 
of the basal metabolic rate from the urinaiy pigment-ereatinine ratio. These 
equations are: 

ilale B.M.E. = 57.0 + 0.25 P/C 

Female B.M.R. = 54.7 + 0.22 P/C 

This present study is an analysis of the results obtained in comparing 
the basal metabolic rates determined by the respiratory calorimeter and the 
]ngment-creatinine ratio in 740 observations made on 424 adult patients. Of 
the 740 observations, 457 (61.7 per cent) wei-e on euthyi’oid patients, 168 (22.8 
per cent) were on hyperthyroid patients, and 115 (15.5 per cent) were on 
hjqiothjToid patients. The clinical material consisted of hospital, private, and 
out-patient department patients. 


results 

"We have previously reported* that the determination of the pigment- 
creatinine ratio is unreliable in the presence of increased bilirubinemia, 
azotemia, and in the presence of hemoglobinuria and drugs and foods which 
impart an abnormal color to the urine (e.g., riboflavin, aureomycin, beets, and 
rhubai’b). There were 32 such cases in our series. The pigment-creatinine 
determination is also deficient in measuring hypometabolism, rarely indicating 
metabolic rates of less than -15 per cent. There were 115 observations on 
cases of this type in our series. Thus, there were 147 instances in which the 
pigment-creatinine determination would not be expected to be of diagnostic 
value. 

Of the remaining 593 observations, the B.iiLR. as determined bj' tlie 
respiratoiy calorimeter and the pigment-creatinine ratio agreed with each other 
and with the clinical findings in 508 cases (85.6 per cent). Of these 508 
observations, 380 (64.0 per cent) were on euthyroid patients and 128 (21.6 per 
cent) were on hyperthyroid patients. In 58 cases (9.8 per cent) the B.iM.R- 
as detennined bj- the pigment-creatinine ratio was more consistent with the 
clinical findings than the B.JI.R. determined on the basis of oxygen con- 

From the Medical Service. Beth Isr.ael Hospital. 

Aided by a grant from Mr. Sanuiel Koenig. 

Received for publication. June 30, 1949. 

•Vorzimer. J. J-» Cohen. T. B., and Joskow, J.: The LVe of Urinary Pigment Excretion 
for the Measurement of Basal Metabolic Rate, J. Lab. Ci.is. MED. 34: 482, 1949. 

•jThe chemical determinations involved in this test can be done In about twenty-five 
minutes and can be performed easily in any routine chemical laboratorj*. 
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Tabix I. Eesui.ts or Tests—Excluding OBsm'ATiOKS IN Which P/C Would Nor Be 
Used for Diagnostic Pcrfoses* 



j NUMBEB or j 

1*EU 

CE.N'T 

BESULT 

j On.SERV'ATIO.VS } 

or TOJ M 

B.M.R. and P/C agice with caeh other and 
with the clinical findings 

a. Euthvroida 

.ISO 

04,0 


b. Hyperthyroids 

1 28 

oOS 

21.6 

S5.fi 

P/C more nccurate than B.M.R. 

a. Euthyroids 

48 

S.l 


b. nypcrthyfoifl*^ 

10 

58 

1.7 

0.8 

B.M.R. more accjurato than P/C 

n. Euthyroids 

14 

2.4 


b. Hyperthyroids 

13 

5= 

4.0 

Total 

593 


100.0 


•The P/C Uetermlnation Is not reliable In cases of Jaumllce, azotemia, and In the presence 
of hemogloblnurja or druss that color the unne (32 cases) ; or in hypothyroidism— metabolism 
below -16 per cent (116 cases). 


sumption. Of those 5S cases, 48 (8.1 per cent) were euthyroid patients and 
10 (1.7 per cent) were iiyperthyroid patients. In 27 cases (4.C per cent) 
the B.M.R. determined by tlie pigmcnt-crcatininc ratio was less in agreement 
with the clinical findings than was the B.M.R. as determined by tbo respiratoiy 
calorimeter. Of those 27 cases, 14 (2.4 per cent) were eutliyroid patients and 
13 (2.2 per cent) were hyperthyroid jtatients. Tims, in 56G observations 
(95.4 per cent), the B.M.R. as determined by the pigment-ereatinino ratio in 
normal and hypertliyroid patients was of diagnostic value. In the remainine 
27 oases (4.6 per cent) the pigmcnt-crcatininc metabolic rate was inaccurate. 

DtSCUSSIOK 

The observation that the B.M.R. as calculated from tlie urinary pigment- 
creatinine ratio is at least as accurate as that calculated from the respiratory 
calorimeter in 95.4 per cent of instances when cases in whicii the pigment- 
creatinine ratio would not be expected to bo accurate arc eliminated indicates 
that tlie pigment-creatinine B.M.R. should he used to check the o.xygon con- 
sumption B.M.R. when the latter does not seem to agree with the clinical 
picture. In addition, there is a group (58 cases or 9.8 per cent of patient.s 
having metabolism tests) in which tlie B.M.R. calculated by the pigment- 
creatinine ratio should he used in preference to the B.JI.R. determined by 
oxygen consumption. AVe were able to break down this group into five types: 

1 Gases of hyperthyroidism under prolonged therapy in which the B.M.R. 
remains elevated in .spite of clinical improvement — 10 eases. 

Example: A. E., a 4S*ycaf*old ■white man, was seen in the Outpatient department for 
the first time in December, 1945, complnming of weakness, nervousness, palpitations, and 
weight loss for one year. Physical examination ^e^caIe^] an enlarged firm thyroid gland, 
warm moist skin, and a tachycardia. B.M.R. was +50. He was gnen tluourncil and later 
changed to propylthiouracil m adequate dosage The patient showed gain >n weight and 
disappearance of all signs of thyrotincicosis except that repeated B.M.R. determinations 
remained between +30 and +48. The patient rolunlcered this information, “When taking 
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a B.M.R. I’m always nervous and feel as if I’m choking.” In July, 194S, it was decided 
to stop all antithyroid medication as the patient was a.symptomatic although the B.ISI.R. was 
+30. In November, 194S, while the patient was still clinically euthyroid, . the oxygen con- 
sumption B.M.R. was +.32 while the B.M.R. calculated on the basis of urinary pigment- 
creatinine ratio was successively -4 and +2. In January, 1949, while still asymptomatic, 
the oxygen consumption B.M.R. was +30 wliile the B.M.R. calculated from the V/G was -8. 

2. Cases in tvliich an anxiety .state or neurocirculatory asthenia causes 
an abnormally elevated B.iM.R. inconsistent with the clinical findings — 32 cases. 

Examiitc A : .S. C., a IT-ycar-ohl white woman, was admitted to the hospital March 3, 

1949. She gave a three-year history of nervousness, hypertension, palpitations, heat in- 
tolerance, and sweating. In December, 1940, her B.hI.R. was +50 and a subtotal thyroid- 
ectomy was performed. Her symptoms persisted for eighteen months postoperatively. In 
.Tuly, 1948, she had a B.M.R. of +7 with all the symptoms of thyrotoxicosis still present. 
Her present admission was due to the appearance of a small nodule on the left side of the 
thyroid gland. She showed no evidence of weight loss; there was no tremor; the pulse rate 
was 100. She was quite apprehensive about the prospect of further surgery. On March 9, 

1949, the oxygen consumption B.M.R. was +24 whereas the P/C B.M.R. was -11. On 

March 15, the oxygen consumption B.M.R. was +21 while the P/C B.M.R. was -13. On 

March 16, the patient was reassured that no surgerj' would be necessary. She slept well 

that night and on the following day the oxygen consumption B.M.R. was +7 and the P/G 
B.M.R. was -S. The patient was discharged from the hospital with the diagnosis of meno- 
pause, essential hypertension, and anxiety state. Thi.s patient had received no specific therapy 
at any time during her hospital stay. 

Example B; G. A., a 27-year-old white woman, was admitted to the hospital in January, 
1949, for an evaluation of an asj-mptomatic hypertension knoum to be present for two 
months. The only significant finding on physical examination was a blood pressure of 200/140. 
On January 19, a B.M.R. was reported as +34; the P/C B.JI.R. calculation was -7. On 
January 25, a repeat oxygen consumption B.M.R. was -1 ; the P/C B.M.R. at this time was 
-2. There was no specific tlierapy given during the hospital stay. The patient was dis- 
charged with a diagnosis of essential hypertension. 

Example C: E. IV., a 30-year-old wliite woman, was referred to the private office of 
one of tlie autl'.ors ( J. J. V.) for the first time in April, 1949, because she had been found to 
have a B.M.R. of +60 two weeks previously. She complained of palpitations and a 22 lb. 
wciglit loss in the past twenty montlis following a pregnancy. Pliysical examination revealed a 
warm moist skin, thyroid moderately enlarged, pulse rate 12S per minute, and slight 
prominence of the eyes. A B.iI.R. at this time was -h 47. The patient was started on 
cyclohexylmethyltliiouracil, 300 rag. per day. With the institution of therapy, the patient 
began to feel better and gain weight, and tlic pulse rate fell although the B.M.R. remained 
elevated. Five weeks after she was first seen, slic liad no complaints, liad gained liVi ^l’" 
and the pulse rate was 72 per minute. A B.M.R. at this time was +33. Because of the 
discrepancy between the clinical condition of the patient and the oxygen consumption B.JI.R., 
a P/C B.VI.R. was determined and found to bo -3. 

3. Cases in which it is not technicalh’ possilfie to obtain an accurate 
B.SI.R. (e.g. edentnlons patients, patients with punctured eardrums, air 
swallowers) — 5 eases. 

Example: G. S., a 67-year-old white woman, complained of nervousness. There was no 
evidence of hyperthyroidism clinically, but because the patient was edentulous, numerous 
attempts to do a basal metabolism test were unsuccessful. In October, 194S, two successive 
P/C B.M.R. determinations were +3 and -2. 

4. Cases in which a l>asal metabolism test is done on a patient for the first 
time as part of a routine work-up and yields a high result where there is no 
evidence of hyiierthyroidism — 10 cases. 
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Example: S. F., a oG-ycar-old white woman, caino to the Outpatient department com- 
plaining of pains in the hnecs, which Avore cliaffooscd as due to osteoarthritis. She was 
oS inches tall and weighed 202 pound's. Aside from the obesity and arthritis, the physical 
examination wn's negative. A routine oxygen con'sumption B.iI.R. was -i-30. The P/C B.M.R. 
was -tS. 

5, Cases in whicli the patient refuses to undergo a metabolism detemina- 
tion — 1 ease. 

Example: I. C., a 22-year-old white woman, was knowTi to bo a diabetic for four years. 
She had had numcious hypoglycemic reactions. She was hospitalized because of frequent 
episodes of nervousness jind .sweating which her physician attributed to an anxiety state. 
She became \cr\ uj»sct at the prospect of undergoing a basal metabolism test and refused 
it. A B.M.K. calculated on the urinary pigment-creatinine ratio was -2. This result con- 
firmed her physician’s impression. 


SUMMARY 

The results of tlie comparison of the basal metabolic rate as determined 
by the oxygen consumption method and by the urinaiy pigmeiit'Croatinine 
ratio method (P/C) in 740 observations made on 424 patients are reported 
Of the 740 observations, 457 (61.7 per cent) were on euthyroid patients, 1G8 
(22.8 per cent) were on hyperthyroid i)aticnts, and 115 (15.5 per cent) were 
on hypothyroid patients. The clinical material consisted of hospital, private, 
and out-patient department patients. 

The B.M.Il. as determined by the jiigment-crcatininc ratio (P/C) is un- 
reliable in cases of liypothyroidism, hyperbiliimbincmia, azotemia, and in cases 
in which tlie urine is discolored by dinigs or foods. There were 147 such cases 
in this series. If these observations arc eliminated, then the P/C B.M.R. is at 
least as accurate as the oxygen consumption B.M.R. in 95.4 per cent of the 
remaining eases. 

The P/C B.^r.R. should be used to check all cases in which tiie oxygen 
consumption B.M.R. does not agree wdth the clinical findings in euthyroid and 
hyperthyroid patients. 

The P/C B.!M.R. determination should be used in preference to the oxygen 
consumption B.'M.R. for the following groups of patients (9 8 per cent of our 
series). 

1. Cases of hyperthyroidism under prolonged therapy in which the B.IM.R. 
remains elevated in spite of clinical improvement. 

2. Cases in which anxiety state or ncuroeirculatory asthenia causes an ab- 
novmallj' elevated B.!M.R. inconsistent witli the clinical diagnosis. 

3. Cases in which it is technically impossible to obtain an accurate B.!M.R. 

4. Cases in which a basal metabolism test is done on a patient for the first 
time and yields a high result where there is no evidence of hyperthyroidism. 

5. Cases in which the patient refuses to undergo a metabolism de- 
termination. 

Tlie authors appreciate the technical assistance rendered by Mrs. Jennie Shatton, MIS'S 
Edna Arzt, and Mis-s Virginia Rechnitzer, and are grateful to Mr. Jules Joskow, Depart- 
ment of Eponomics, The City College of ICew York, for his statistical analysis of the 
results. 



EFFECT OF RETAINED BRONCHIAL LIPIODOL ON BLOOD IODINE 


LeRoy Hyde, JI.D., Van Nuys, Calif., and Bernard 
Hydf,, JI.D., Los Angeles, Calif. 

N umerous studies have been made on the metabolism of iodine and blood 
iodine levels in normal peoiile and in various pathologic conditions. 
Normal standards for protein-bound blood iodine have been established,^’ ^ 
3.0 to 8.5 fig per 100 ml. of blood being the quoted normal range. In our 
laboratory, 5 to 7 /tg per 100 ml. is considered normal. Patients with pul- 
monaiy tuberculosis have normal protein-bound blood iodine values.'* Normal 
blood iodine values have been secured in numerous other pathologic condi- 
tions. Most observers agree that lyperthyroidism produces an elevation of 
the protein-bound blood iodine.*’ Turner- found elevated blood iodine 
levels, up to 18 //g per 100 ml. of blood, in lymphatic leucemia. Several 
observers*’ ® have found increased protein-bound blood iodine values in patients 
with liver and gall bladder disease. The effects of previously administered 
iodine-containing compounds such as gall bladder dyes must be always borne 
in mind in these latter patients. It is known that tire liver takes up iodine 
and excretes it into the bile. Cohn and FeldmaiP quote Greene and Bruger as 
finding normal blood iodine values in liver and gall bladder disease, if no 
iodine-containing compounds had been taken previously. Cohn and Feldman® 
found experimentally that common bile duct ligation in cats failed to produce 
an elevation of blood iodine. The administration of gall bladder dyes, how- 
ever, elevates the protein-bound blood iodine for several weeks. A group of 
patients with advanced liver disease was compared with a group of normal 
subjects, and blood iodine levels were found to be similar. Rabbits had no 
elevation of blood iodine following carbon tetrachloride poisoning to produce 
liver cell necrosis and extensive liver damage.® 

It is quite clear that an elevated blood iodine may be due to hyper- 
thyroidism and preMous administration of iodine-containing compounds, among 
other things.*' ® Chemical lalioratories doing blood iodine determinations 
usually recommend that patients do not receive any iodine-containing com- 
pounds for from ten to thirty days prior to the determination of this test. 

No information can be found in the literature concerning the quantitative 
effect on the protein-bound blood iodine of retained Lipiodol in the bronchi 
and alveoli of the lung as a result of previous bronchograms. Means® has 
noted “the prolonged ‘spurious’ elevation of protein-bound iodine which 
follows the administration of sucli organic iodine-containing compounds as 

From the Pulmonary Disease Service, Birminpham Veteran.*! Adminiiitratlon Hospital. V®** 
Nuy.<!. Calif., the Ix)s Angeles General Hospital, and the College of Medical Evangelists, Los 
Angele.s, Calif. 

Sponsored bj' the Veterans Administration and published tvith the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are a result oi 
their own study and do not nece-s-sarily reflect the opinion or policy of the Veterans Administra- 
tion. 

Received for publication, July 1. 19t9, 
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lodeikon or Lipiodol used in roentgenography.” Salter^“ has stated that ‘‘the 
intrathecal injection of Lipiodol may foian a localized reservoir of iodine which 
will slowly feed small amonnts of iodine into the general circulation over the 
course of many weeks.” Communication with several chemical laboratories 
and with the mamifacturers of Lipiodol indicates that the quantitative effect 
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of retained Lipiodol is unknown and no studies have been published. The 
piFi’pose of the present work is to determine the effect of retained Lipiodol 
i^pon the blood iodine. 

Forty-one determinations of protein-bound blood iodine were secured on 
thirty patients at varying known intervals following the instillation of 
LipiodoF for a bronchogram. Pour patients had normal protein-bound blood 
iodine determinations before Lipiodol instillation (6, 6, 7, and 8 fig per cent). 
It soon became apparent that retained Lipiodol causes an elevation of the 
blood iodinef for prolonged periods of time. Values of over 400 ^g per 100 
ml. of blood were secured one week following the instillation of Lipiodol. The 

•Lipiodol 40 per cent containing 540 ntig. ot iodine by -n-eight per milliliter was used. 
Varying amounts from 5 to 20 ml. were instilled for visualization of the bronchi. 

t"Blood iodine" refers to protein-bound blood iodine as determined by the method o- 
Barker," modined by M. E. Morton using 10 per cent trichloracetic acid to precipitate plasma 
protein. 
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protehi-bound blood iodine level dropped rather rapidly to average approxi- 
mately 200 /tg per 100 ml. of blood one moiitli after instillation of Lipiodol 
(still greatly elevated) and then gradually dropped further for some time. It 
is important to note that the curve drawn of the various values of blood iodine 
plotted against the time since the last bronchogram did not reach the normal 
range (4 to 8 /ig per 100 ml. blood) until seventeen months after the patient’s 
last bronchogram. (Fig.s. 1, 2, and 3.) 

SUMMARY AND CONCLUSIONS 

1. Instillation of Lipiodol for a bronchogram produces extremely high 
levels of protein-bound blood iodine for prolonged periods (months). 

2. It requires approximately seventeen months for the blood iodine level 
to reaeh normal in patients who have received bronchograms with Lipiodol. 
Individual patients may have elevated blood iodine values for three and four 
years. 

3. Blood iodine cannot be used as a diagnostic agent (c.g. in suspected 
cases of hyperthyroidism) in patients who have Imd Lipiodol bronchograms 
within the previous two years, and possibly longer. 

Grateful acknowledgment is made to Ellen M. Bahr for tlic blood iodine determinations. 
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THE EFFECT OP THYROID SECRETORY ACTIVITY ON THE 
DISTRIBUTION OP RADIOIODINE IN PLASMA 


Albert jM. Potts, M.D., Ph.D., Reginald A. Shipley, M.D., 

John P. Storaasli, jM.D., and Hymek L. Friedell, M.D., Ph.D. 
Cleveland, Ohio 

W HEN labelled inorganic iodide is administered by mouth, 90 per cent or 
more is absorbed in ninetj’ minutes.^ During this interval, and for several 
hours thereafter, a portion of the administered dose diffuses into the extra- 
cellular fluid. While absorption and diffusion are occurring and during the 
ensuing twenty-four to forty-eight hours almost all of the iodide ion is com- 
petitively removed from the blood and body fluid by the thyroid gland and 
the kidneys. That which is trapped by the thyroid is soon synthesized into 
hormone. A variable portion of the latter is stored in the gland while the 
remainder is secreted into the blood. Once thyroid hormone is released into 
the blood it apparently undergoes a slow degradation at the rate of about 
5 per cent of the existing level per day.- Both the rate at which the thyroid 
gland removes iodine from the blood and the total amount ultimately retained 
by the gland are characteristically influenced by the state of thyroid activity 
provided the gland has not been previously saturated with iodine. Each has 
been measured repeatedly in human subjects by direct and indirect tech- 
niques.®’ ^ However, a more positive measurement of thyroid function would 
necessitate an estimation of the actual rate of hormone secretion. This present 
study is, therefore, chiefly concerned with the problem of the rate of release 
of hormone and is based upon serial determinations of radioiodine in the 
organic fraction of plasma at successive intervals after the administration of a 
tracer dose of 1“^. 

METHODS 

Subjects selected for study included patients with either hyperthyroidism or myxedema, 
along with a group of euthyroid subjects to serve as controls. In none of the patients 
was the diagnosis equivocal because of grossly atypical clinical findings or inconsistent 
laboratory data. Ko subject had received iodine therapy within six weeks or antithyroid 
drugs within two weeks before the experiments were started. 

The tracer dose of Iiai was given orally and varied from 0.1 to 0.2 me. except for 
occasional patients with hyperthyroidism who received 0.4 millicurie. No normal subjects 
received more than 0.1 millicurie. The material was either carrier-free or contained not 
more than 0.5 mg. of Nal. Blood samples were drawn at intervals of two, eight, and 
twenty-four hours after ingestion of the tracer dose. These were oxalated and a 5 c.c. 
portion of plasma precipitated with 45 c.c. of Somogyi’s zinc sulfate-sodium hydroxide reagent 
(45 c.c.) as described by Man and associates.® After centrifugation, a 20 c.c. aliquot 
of supernatant was removed and evaporated to dryness in a 2 oz. ointment tin (29 sq. 
cm. area) by the aid of an infrared lamp. The activity of this fraction was considered 
to represent that of inorganic iodine. 

Prom the Departments ot Xledicine and Kadioloey, University Hospitals of Cleveland, and 
W'estem Kescr\-e University School of Medicine. 

A preliininar>’ report of this work was presented at the meeting of the Cleveland Section, 
Society for Experimental Biology and Xledicine. on April 9. 1918. 

Beceived for publication, July 29. 1949. 
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Table I. Plasma Levels of as ter cent op Two-Hour Inorganic Level 
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The protein precipitate which contained organic hormonal iodine was washed three 
times with 50 c.c. portions of water. Assays of the washings on six different blood samples 
indicated that any additional wasMng would not remove more activity than 0.5 per cent 
of that in the total supernatant fraction from which the precipitale was removed. The 
washed precipitate was quantitatively transferred to a weighed ointment tin and dried 
under the heat lamp: It was then distributed evenly over the bottom of the tin with 
the help of a stirring rod and a small quantity of acetone. The half-density of the 
precipitate in the containers averaged only 10 mg. per square centimeter. 

Counts were made under a Geiger-Miiller tube with a 6 mg. per square centimeter 
mica window, 6.2 cm. in diameter and connected with a scale of 8 counter. An appropriate- 
sized aliquot of the original material was counted at the same time so that decay calcu- 
lations were unnecessary. Aliquots of the standard and inorganic fraction were combined 
with 1 c.c. of a solution recommended by the Oak Ridge National Laboratory to prevent 
loss of volatile iodine.* 


RESULTS 

Individual values are recorded in Table I, and composite curves of the 
inorganic and organic fractions are depicted in Fig. 1. The value of the 
inorganic fraction at two hours was arbitrarily set at 100 per cent as reference 
for the remaining determinations. Since total blood or body iodine content was 
not known, there was no advantage in employing the original dose as a standard 
for comparison. 

The inorganic fraction is seen to decline much more rapidly in hyper- 
thyroid patients than in normals. This is presumed to be due to the more 
■ 4vpid rate of removal by the thyroid gland, provided there is no significant 
" .rease in the rate of renal removal. It is of interest that the decrease of 
plasma iodine with time in the three curves does not give a straight line of 
constant slope on a semilogarithmic plot. Without more points on the curve 
it is impossible to come to any exact conclusions, but it may well be that this 
reflects the sequential operation of several biologic processes, each in itself 
expressed by a true e.xponeutial function. 

A more rapid decline is present between the second and eighth hour than 
between the eighth and twenty -fourth. The initial rapid fall could be due to 
two factors. (1.) The passage of iodine into the extracellular fluid in addition 
to the thyroid and the urine. (2.) An exaggerated peak of the blood con- 
centration if the rate of absorption should materially exceed the rate of 
diffusion into the extracellular fluid. The slope of the three curves between 
the second and eighth hour when inorganic iodine is being disposed of most 
rapidly may be seen in the table and in Fig. 1. The difference between hyper- 
thyroid and normal subjects is very real. However, the five patients with 
myxedema, although showing a flatter average curve, do not differ from the 
normals to a statistically significant degree. 

The behavior of the organic fraction likewise is not the same in hyper- 
thjwoid subjects as in normals. Between the eighth and twenty-fourth hour 
the patients with hyperthyroidism show a distinct rising trend, while the 
curve of the normal subjects tends to decline. This difference in behavior 
of the two curves is a real one, as an analysis of the .slopes of the two groups 


•NaHSOi. 500 ms.; Nal. 230 mg.; XaOH. 750 mg.; water to 1,000 c.c. 
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will reveal (Table I). The trend of the organic fraction in inyxcdcmatoiis 
patients is not significantly different from that of the normal group. An 
observation to be discussed later is the high activity which was encountered 
in the organic fraction at the two-hour period. 

MEAN PLASMA RADIOACTIVE IODINE LEVELS 



HOURS 
Tie. 1. 


In four of the hyperthyroid patients and four normals additional measure- 
ments were made after forty-eight hours. The trend of the organic and in- 
organic curves during this interval was similar to that observed between the 
eighth and twenty-fourth hour. 


DISCUSSION 

IMcConahcy, Keating, and Power have recently reported their results of 
blood fractionation studies in a small scries of patients and normal subjects 
who were given doses of ranging from 1 to 100 millicuries.® Our own 
findings arc similar in some respects to those reported by this group of 
workers. The chief point of difference is that the organic fraction in their 
three normal patients and also in the one hypothyroid patient showed a 
progressive rise, albeit with a more gradual slope than in the series of hyper- 
thyroid cases. The curves for both normal and hypothyroid patients presented 
here show a slight progressive fall in actmty of this fraction. The reason for 
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this decline cannot be determined with any degree of precision; however, 
certain general principles shonld be noted. There is a slow process of dis- 
integration of thyroid hormone in the body fluids which shonld proceed at 
approximately equivalent rates in all subjects. In hyperthyroidism, with 
relatively little hox'mone stored in the gland and a relative high uptake of 
radioiodine, it is to be expected that the material secreted after a tracer dose 
would be proportionately rich in radioactive iodine. On the other hand, with 
a normal gland, tlie comparatively large amount of preformed, nonradio- 
active hormone would force the gland to deliver to the blood a product 
relatively poor in the newly aequii'ed radioactive component. Thus it i.s 
conceivable that in its noi’mal state of activity the quota of radioactive hoimione 
delivered to the blood would be insufficient to result in a steadily mounting 
activity within the organic fraction. The rate of change or organic iodine in 
the blood, therefore, does not offer a direct measure of true secret oiy activity. 
That tlie behavior of the organic fraction is quantitatively influenced by thyroid 
hyperactivity is nevertheless clearly demonstrated by the difference in slope 
of the curves as shoivn hei'c. 

The finding of small but unmistakably real quantities of active material 
in the organic fraction of patients witJi myxedema in the present study, and 
in tliat of McConahej^ and co-workers, is of interest. Moreover, our oim 
finding of a relatively high value as soon as two hours after ingestion with 
a decline during tlie next six liours even in tlie presence of hypertliyroidism 
should also be commented upon. An explanation of the presence of active 
material in myxedematous patients, along with the temporarily high level in 
all patients, might suggest an extrathyroidal synthesis of an organic iodine 
complex. Incubation of serum with inorganic iodine under physiologic con- 
ditions has not been found to promote such a synthesis.® Morton and co- 
workers, on the other hand, liave demonstrated the in vivo production of 
thyroxine and diiodotyrosine in thyroidectomized rats as earty as two hours 
after the administration of labelled inorganic iodide.^ It is difficult to believe, 
however, that the higli level of serum actirtty here encountered at two hours 
could be achieved so rapidly by extrathyroidal synthesis. Moreover, tlie 
initial drop in the curve (between two and eight hours) is too rapid to be 
attributed to simple thy-roxine decay. There is a possibility^ that a portion of 
the protein-bound material is not actually a hormonal compound but that it 
is fixed to protein fully as firmly and resists removal by^ washing. 

The usefulness of a detennination of blood I'adioiodine as a diagnostic 
test cannot be determined on the basis of the present observations. Significant 
dift'erenees between mean values can easily be demonstrated, but an overlap 
exists. The steepest slope for the curves of inorganic iodine (two to eight 
hours) in the normal group was -11 (Table I). However, two hyperthyroid 
patients (E. N. and E. I-fl.) showed slopes which were less steep. Both patients 
suffered from a relatively chronic tyiie of disease of only moderate severity 
and each had a rather large nodular gland. In the ease of the organic fraction, 
if one arbitrarily divides liyperthyroid patients from normals on the basis 
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of a positive oi* negative slope between eight and twenty-four hours, the over- 
lap consists of one normal patient willi a positive slope and two hyperthyroid 
patients ^nth slightly negative slopes. 

Thus the large majority of our cases show definite differences between 
normal and hyperthyroid blood values. Just how much overlap actually 
exists can be showni only by a large scries. It may well be that this type of 
determination will prove a useful adjunct to already existing tests for hyper- 
thyroidism. 

Freedberg and co-workers have recently reported that protein-bound 
radioiodine, twenty-four liours after a tracer dose, was consistently higher in 
hyperthyroid patients than in normal controls.® In the present study the 
rate of change between eight and twenty-four hours correlated with clinical 
status more consistently than did the final twenty-four hour level. 

The behavior of the inorganic fraction in myxedema was not greatly 
different from normal and the rate of change of the organic component 
was not distinguishable from that in the normal grou]). In our own experience 
the best diagnostic criterion for mj'xcdema when one employs radioiodine 
techniques is the failure to demonstrate any local uptake of activity by direct 
measurement over the gland with a counter. 

SUMMARY 

After a tracer dose of radioiodinc the activity of the inorganic fraction 
of the blood in hyperthyroidism declines more rapidly than normal, while 
in myxedema the decline tends to be somewhat slower than normal. The 
activity of the organic fraction is distinctly elevated in all types of cases at 
the end of two hours, and then tends to decline between the second and eightli 
hour. This decline is progressive for the ensuing sixteen hours in both normal 
subjects and patients with myxedema; however, in patients suffering from 
hyperthyroidism there is characteristically a progressive lise in this fraction 
between the eighth and twenty-fourth hour. 

tVe nre indebted to Etlicl Ruchwald Clnid^ick for terlmical assistiuico. 
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INHIBITION OP THE GROWTH OP STAPHYLOCOCCUS AUREUS 

BY HUMAN SEMEN 

R. Rozansky, M.D., J. GuRE^^TCH, M.D., A. Bkzezinsky, BI.D., and 
B. Eckerling, M.D. 
jERusALEJt, Israel 

T he presence of penicillin in blister fluid of human skin following paren- 
teral and topical application was determined by Dostrovsky, Gureviteh, 
and Rozanskyd In another study the concentration of penicillin in human 
milk was determined by Rozansky and Brzezinsky.^ In pursuing these studies 
further we attempted to determine whether penicillin is excreted in the human 
semen. It was first necessary to find out Avhether semen in itself has any in- 
hibitory effect on the growth of bacteria. Preliminary examinations revealed 
inhibition of the growth of Staphylococcus aureus by human semen. The fol- 
lowing is a detailed report on a study of the inhibition of the growth of Staph, 
aureus by human semen. 


JIATERLAES AND JIETHODS 

Twent3'--eight s])ecimens of semen obtained from twenty-four men between • 
the ages of 27 and 47 jmars Avere examined. The semen of four patients was 
examined tAvice. Five of the examined specimens Avere azoospermic, ten Avero 
oligospermic (speimiatozoa coiint loAA’er than 60,000,000 per cubic centimeter), 
and thirteen AA’ere normospermic. The patients applied to the clinic for eon 
sultation in connection Avith sterile marriage. Only one patient (Specimen 
21) had reeeiA'ed GO mg. testosterone propionate (six injections of 10 mg.) 
before examination. All the others had received no preAuous treatment. In 
most imstanees tlie semen Avas obtained xinder as sterile conditions as possible 
by masturbation in the outpatient clinic, but in fotxr instances specimens Avere 
brought to the clinic from outside. Each specimen Avas tested for bacterial 
contamination before examination. One specimen Avas discarded because of 
contamination by Esch. coU. In five other cjacxxlates a fcAv colonies of Staphylo- 
coccus albus AA'cre foxxnd. 

The inhibitoiy effect of human semen on bacterial groAvth Avas examined 
by the exip method used in studies on the concentration of antibiotics.’ The 
first test strain AAms Staph, aureus, Heatley, in use in antibiotic studies in this 
labox’atoiw for a period of four j'ears. In the coxxrse of later experiments tAVO 
additional strains of Staph, aureus freshly isolated in the laboratoiy were used: 
sti'ain 924 isolated from the urine of a patient AAntli cj'stopyelitis, and strain 598 
isolated from the pus in a case of furunculosis. All three strains had the usual 
properties of pathogenic strains of Sta]}h. aureus: coagulase positXA'e, mannite 
positive, actively hemolA’tic. 

From tlie Department of Bacteriolofry and Serolog}'. and the Department of Obstetrics and 
Gynecologj' of the Rothschild-Hada.ssah University Hospital. 

Becclved for publication, Aug. 3. 
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Examinations -were conducted as follows. One cubic centimeter of a 
1:1,000 dilution of a twenty-four hour broth culture of the test strain was 
added to 20 c.c. of nutrient agar (Difco) and plates were poured. The plates 
wove left at room temperature for four hours, after which five cups, 8 mm. iii 
diameter (external), were placed on each plate. Four cups each received 3 
droi)s of the tested ejaculates and the fifth received 3 drops of a penicillin solu- 
tion containing 0.1 unit per cubic centimeter. The cup containing penicillin 
served as a control of the area of inhibition of growth of the staphylococci. 
The results were read after twenty-four hours of incubation at 37° C. In 
most examinations two plates were prepared for each specimen examined. The 
specimens were left at room temperature for four hours before examination to 
permit the ejaculates to liquify and to become homogenous. When sufficient 
material was available, residues were stored at 8° C. after the first examina- 
tion and were re-examined twenty-four hours to seventy-two hours later. 

RESULTS 

The results of the examination.^ are summarized in Tables I, II, and III, 
comprising studies in the Heatlcy strain, strain 924, and strain 598 re- 
spectively. 

As may be seen in Table I, twenty-three of the twenty-eight specimens 
studied with the Heatley strain inhibited the growth of the staphylococcus 
over an area from 10 to 20 mm. in diameter, while five gave negative results. 
The positive results include examinations repeated after twenty-four and 
seventy-two hours. In three instances no inhibition was found at the first ex- 
amination but the same specimens were positive when examined twenty-four 
and seventy-two hours later. Of the twenty-three positive specimens, fourteen 
yielded similar areas of inhibition in both plates and nine specimens yielded 
positive results in one plate (four of these specimens were examined with one 
plate only). Specimen 17 was examined in three plates, and areas of inhibition 
16 mm. in diameter were observed in all of them. In six instances the semen 
was re-examined following twenty-four hours of storage at 8° C. Five of 
these specimens were positive and one was negative. Three of the positive 
specimens were particularly interesting because they were negative on first 
examination but yielded a distinct area of inhibition twenty-four and seventy- 
two hours later. Following two weeks of storage at 8° C. Specimen 14 yielded 
an area of inhibition similar to that of its first examination. Specimen 21 
was negative following one week's storage at 8° C. 

The inhibitory effects of eighteen specimens of human sperm on Staph, 
aureus strain 924, isolated from urine, arc summarized in Table II, 

Fourteen of the eighteen specimens were positive, five in two plates and 
nine in one plate. Four specimens in this series were negative. 

The inhibition of StapU. aureus strain 598, isolated from a furuncle, by 
eight specimens of human sperm is summarized in Table III. Of the eight 
examinations five were positive, each of them in two plates, and three were 
negative when examined in one plate only. 



1528 KOZANSKY, GUREVITCH, BKKEZINSKY, AND ECKERLING 


Table I. Inhibition of Growth of ST.u>n. ahreos, Heatley Strain, by Hhman Semen 




1 QT^ANTm*! 
1 OP SEMEN 


[ ZONE OF INHIBITION IN MM. AFTER 


' AGE OF 

SPERMATOZOA 

1 ^ HR. 

24 HR. 

1 72 HR. 

SrECiMEN 

PATIENT 

, (C-C-) 

(MILLIONS/C.C.) 

PLATE I 

■PLATE n! 

PIiATE I 



1 

27 

1 

Azoospermia 

17 

mSm 

_ 



2 

25 


80 

14 


— 



3 

30 

3 

2 

19 

BS 

_ 



4 

29 

4 

70 

11 

0 




5 

32 

3 1 

120 

11 

0 


— 


c 

38 

1 

85 

14 


_ 

— 


7 

29 

S 

40 

10.5 

0 




R ■ 

37 

4 

-30 

14 

0 * 

13 

_ 


9 

44 

3 

6 

0 

0 

12 

— 

_ 

1(1 

47 ! 

2.5 

130 

0 

0 

— 


- 

11 

39 

8 

1 

0 

_ 

0 

0 

0 

12 

33 

3 

.Azoospermia 

0 

0 

15 

12 

11 

13 

27 ! 

6 

70 

0 1 

0 

15 

15 

15 

14 

39 

4 

40 

14 

10 


_ 

— 

lo 

20 

3 

20 

0 

0 

— 


- 

10 

28 

3 

70 

0 

_ 




17 

30 

O 

Azoospermia 

10 

10 

— 

- 


18 

19 

(1, oil secoml 
examination) 

38 

3 

00 

10 

10 




27 

1 

Azoospermia 

0 

1 0 


** 

" 

20 

(.17, on second 
examination) 

30 

1.5 

.Azoospermia 

16 

1 15 

1 _ 

1 

- 

21 

44 

2 

50 

16 

15 


— 


22 

32 

3 

45 

15 

1 12 

i “ 

1 "" 

I .. 

23 

35 

3 

70 

11 

0 



1 ~ 

24 

42 

4 

35 

16 

15 



... 

25 

41 

3 

108 

17 

16 



>• 

20 

35 

3 

80 

13 

- 

- 

- 

- 

(0, on second 
examination) 

38 

O 

So 

11 

9 

15 



28 









(18, on second 
examination ) 

38 

5 

65 

20 

15 





Not examined, 
0, No inhibition. 


Table II. Inhibition of Growth of Staph, aureus, Strain 924, by Human Semen 


SPECIMEN 

j ZONE OF INHIBITION IK MM. AFTER 4 HR. 

1 PLATE I : 

PLATE II 

10 

11 


11 

IS 

_ 

12 

10 

— 

13 

11 


14 

15 

10 

15 

0 


16 

0 


17 

14 j 

14 

IS 

0 ■ 


19 

0 

0 

20 

20 

15 

21 

12 

12 

oo 

11 

0 

23 

15 


24 

12 

0 

25 

14 

13 

26 

10 

_ 

28 

15 

0 


Not examined. 
0. No inhibition. 
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Table III. Inhibition of Gnowxii op Staph, aureus, Strain 598, by IIuman Sesien 


SPECIMEN 

1 ZONE OP INHIBITION IN MSI. AFTER 4 HR. 

1 PLATE I 

1 PL^ATE 11 

14 

12 

11 

10 

17 

17 

17 

12 

12 

20 

14 

11 

21 

12 

12 

22 

0 


23 

0 

_ 

28 

0 

- 


Not examined. 
0, No Inhibition. 


COMMENT 

Human semen has been found capable of inhibiting growth of several 
strains of Staph, aureus. Inhibition was observed in 80 per cent of the exam- 
inations done with three strains of Staph, aureus. The active principle 
of the semen was not associated with the spermatozoa, since only the 
supernatant fluid of the semen was used in the experiments. This is sup- 
ported by the fact that four of the azoospcrmic specimens showed inhibitory 
activity. At this stage of the investigation little can be said as to the nature 
of the active principle. The factor is stable when stored for days at 8® C. 
Specimen 14 remained active even after fourteen days. The active principle is 
thermostable. Specimen 18 remained positive after heating for half an hour 
at 56° C. Specimens 24 and 25 retained their activity after exposure to 75° C. 
for fifteen minutes. 

Three specimens were negative in the first examination but found to be 
positive in examinations repeated after twenty-four and seventj’-two hours. 
It maj" be of interest that these three specimens were not kept at room tern* 
perature as is usual in tliesc experiments, but were placed mistakenly in 
the refrigerator when brought from the outpatient clinic. It may be assumed 
that the homogenization of these specimens, which takes place at room tem- 
perature, was interfered with by refrigeration. 

Six specimens of sperm which inhibited Staph, aureus had no effect on the 
growth of Esch. coli. 

SUMMARY 

Twenty-eight specimens of human semen were tested for their inhibitory 
effects on the growth of Staph, aureus. Eighty per cent of the specimens in- 
hibited the growth of this organism. Preliminary studies indicate that the 
active principle is associated wth the liquid part of the semen. Some prop- 
erties of the active principle in the semen are discussed. 
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OBSERVATIONS ON THE USE OF A NEW ANALGESIC, NU-2206 
( S-HYDROXY-NAIETHYLMORPHINAN HYDROBROMIDE ) 

L. L. Eager, M.D., W. W. Sawtelle, B.A., M.D., E. G. Gross, B.S., M.S., M.D., 
Ph.D., S. P. Nagyfy, B.A., M.D., and R. T. Tidrick, B.A., M.D. 

Iowa City, Iowa 

INTRODUCTION 

T his is a preliminary repoii. on a clinical study of tire analgesic properties of 
Nu-2206*' (3-hyclroxy-N-methylmorpliinan-hydrobroinicle) rvliicli includes ob- 
servations on a series of normal subjects, on a series of patients with postopera- 
tive pain, and on a series of patients rvith intractable pain due to cancer. In 
instances abstracted in this repoi’t it rvas possible to observe the effect of this 
drug during and after prolonged use. 

CHEMISTRY 

‘ Nu-2206 (3-liydroxj'-N-inethylmorplnnan-hydrobroroidc) has the following structural 
formula : i 



HBr 


Nu-2206 occurs in the form of colorless crystals melting at 19S' to 195“ C. The substance 
is rather soluble in water at 20° C. It is easily soluble in water at 100° 0. and in alcohol, 
but it is insoluble in ether. It has analgesic properties similar to those of morphine and 
some of the other morphino-Iike compounds developed recently.^, s 

AD3UNISTRATION TO NORJIAL, SUBJECTS 

The effect on the pain threshold in six normal volunteer student subjects 
was determined by the Hardy-Wolff-Goodell technique. Doses used were 0.5, 1.0, 
2.0, and 3.0 milligrams. Each student received ttvo subcutaneous doses of each 
of the four graded doses. No subject received moi’e than two doses each week. 
These doses were compared with doses of 5.0, 10.0, and 15.0 mg. of morphine 
sulfate given in similar manner and under similar conditions. The results in- 
dicated that Nu-2206 was about four times as potent as morphine on a per milli- 
gram basis. Peak threshold effects were reached at about the same time as with 
morphine but there was a somewhat gi’eater duration of effect. The blood pres- 
sure changes were no greater than could be accounted for by sedation and re.st- 
ing of the subject. 

From the Deportment!; of General Surgery. Urology, Pharmacologj-, and Obstetric.s and 
Gynecologj'. tlie State University of Iowa, College of Medicine. 

Keccived tor publication. Aug. 3, 1019. 

•Supplied by Dr. AI. J. Schiffrin, Hoffmann-La Roche, Inc., Nutley, X. J. 
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Doses of 0.5 to 1.0 mg. apparently produced no symptoms in any of the 
volunteers other than awareness of some vague gastrointestinal distress. Slight 
sedation may have occurred in some instances. Doses of 2.0 mg. produced some 
nausea (but no vomiting), dizziness, and sedation. The subjects were aware of 
gastrointestinal contraction and some inability to concentrate. Doses of 3.0 mg. 
produced some nausea in practically all subjects; vomiting occurred in two dif- 
ferent subjects on one occasion each and dizziness occurred in all subjects. 
Sedation, inability to concentrate, and awarene.ss of gastrointestinal symptoms 
were experienced by all subjects. In one subject vomiting occurred five to six 
hours after the injection. No euphoria was experienced by any of the subjects. 
In general, 3.0 mg. of Nu'2206 produced fewer and less severe symptoms than 
an equivalent analgesic dose of morphine. All subjects on 3.0 doses stated they 
either went to bed right after dinner (five to six hours after injection) or were 
too sedated to do any studying during the coui'se of the evening. Kespiration 
was not studied, but by casual observation no significant respiratory changes 
were noticeable. 

nU'220G in the tre-atment of postoperative pain 

Nu-2206 was used subeutaucously in a total of fifty-eight postoperative 
urological and general surgical patients. Thirty-six patients (twenty-nine uro- 
logical and 7 general surgical) were given 1.5 milligrams. Twelve urological 
patients were given 4,5 milligrams. Six general surgical patients were given 


Table I. Co.MPi\nisoN op Analgetic Potencies Upon Subcutaneous Injection 


DRUG 

DOSE 

(MO.) 

NUltBER 

OP 

DOSES 

IIEICnT PBAIC 

% rjsE 
THRESHOLD 
M±<r* 

tlue to 

REACH TEAK 
M±<T* 
(MIN.) 

DURATION TO 
10% OP PEAK 
M±cr* 

Morphine SO 4 

10 

0 

21.5 1 1.9 

73.3 i 8 

246 +33.2 

Morphine SO^ 

15 

5 

27.2*2.5 

84.0 ±7.7 

280 + 7.4 

Nu-2206 

1 

11 

10.1 ±3.0 

05.0 + 9.3 

211 +13.9 

Nu-2206 

2 

9 

18.2 i 2.1 

82.0 + 5.9 

267.0 ± 21.4 

Nu-2206 

3 

9 

24.8 ±2.9 

91.1 + 8.3 

301 +27.2 


•M ± Is tlie mean effect ± Jts standard deviation. 


3.0 milligrams. Four general surgical patients were given 6 milligrams. The 
majority of the patients to whom 1.5 mg. were given had transurethral resec- 
tions. These patients usuall}' have very definite discomfort and in some cases 
severe pain. Ordinarily these patients arc given 10 mg. of morphine sulfate 
immediately after completion of the procedure as the spinal anesthesia is wear- 
ing off, and the same dosage is usually repeated in several hours. In these pa- 
tients Nu-2206 in a dosage of 1.5 mg. was uniformly ineffective. In the patients 
who liad other miscellaneous nrologic procedures — three nephrectomies, two 
suprapubic cystotomies, and one orchidopexj'— there was also failure to relieve 
pain. The one good result in urological patients was in a 9-year-old boy who had 
a nephrectomy. In the general surgical patients in this dosage range, four 
obtained relief and three obtained no relief. These seven patients represented a 
variety of operations. It may be that these surgical procedures did not result 
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in as much postoperative pain as the average urologie procedure. It appeared 
that 1.5 mg. of Nu-2206 vas an unsatisfactory dose. 

In six instances Nu-2206 was used in dosage of 3.0 mg. for treatment of 
postoperative pain in general surgical patients. It afforded relief in three 
instances and gave insufficient relief in the remaining three. One of the latter 
})atients suhsefjuently obtained relief of pain with 6 milligrams. 

Eleven urological patients who had had transuretln-al resection were given 
fifty-one 4.5 mg. doses. However, in this series, Nu-2206 was not given unless 
the patient had real pain and requested relief. In this dosage range, which 
was felt to be roughly equivalent to 15 mg. of morphine, Nu-2206 was uniformly 
effective in relieving pain. Demonstrable effect was noted in most instances 
thirty minutes after administration of the drug. Analgesic effect was present 
longer than that observed with morphine and in most instances it was effective 
for six hour’s or more. There were no undesirable side effects. 

Six milligram dosage was employed in four general sur’gical patients. In 
all of the patients to whom 6.0 mg. were given, excellent relief was obtained. 
Tlie following detailed case is presented as an example of this series. 

Patient JI. W. (48-9796), a 25-year-old man, was admitted on Aug. S, 1948, 
following multiple injuries received in an auto racing accident. Among his 
injuries were : a perforating wound of the abdominal wall, peritonitis, traumatic 
I'upture of the spleen, severe contusion of the colon, fractures of the transverse 
processes of the third and fourth lumbar vertebrae, and fracture of left zygoma. 
Surgical procedures included a splenectomy and colostomy. 


Table II. P-vtient M. W. 


DATE ] 

TIME 

1 DRUG 

IIEMAEKS 



100 mg. Demerol 5 times per day 

Relief 



100 mg. Demerol 5 times per day 

Relief 

0/ 2/4S 


100 mg. Demerol 5 times per day 

Relief 

9/ 3/4S 

0300 

3 mg. Nu-2206 

No relief 


1045 

1 mg. Nu-2206 

No relief 


1030 

3 mg. Nu-2206 

No relief 


2000 

3 mg. Nu-2206 

No relief, emrsis, exce.ssivc per- 




spiration 

9/ 4/48 

0215 

3 mg. Nu-2206 

Slept for more than 3 hr. 


1700 

3 mg. Nu-2206 

Relief from pain for about 3 hr. 


2230 

3 mg. NU-220G 

Good relief 

9/ 5/4S 

0230 

3 mg. Nu-2206 

.Slept for 2Vh hr. 


0800 

3 mg. Nu-2206 

Relief 


1520 

3 mg. Nu-2206 

Relief for about 2 hr. 


2050 

3 mg. Nu-2206 

.Slept more than 2 hr. 

9/ 0/4 S 

0030 

3 mg. Nu-2206 

Slept nbont 2t0 hr. 


0500 

3 mg. Xii-220fi 

Relief 


1545 

3 mg. Nu-2206 

No relief 


2330 

3 mg. Nu-2200 

.Slept more than 2 hr. 

9/ 7/4S 

0600 

3 mg. Nu-220G 

Asleep within Vr hr. 

9/ S/48 

0345 

3 mg. Nu-2200 

i.A.s]eep within 15 min. 


Control of pain was sought by 30 mg. of morphine every four hours during 
the early stages of hospitalization. This dose was reduced as circumstances 
ailowed, and on August 30, 100 mg. Demerol were substituted for morphine. A 
tabulation of the drags given this patient is presented in Table TI, 
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nu-2206 in the treatment of intract.vble pain in cancer 

Five patients with intraetahle pain due to cancer were observed for varying 
periods of time up to six months. The following case is presented in detail and 
is illustrative of some of the effects observed during a prolonged coui'se of ad- 
ministration. 

Patient G. 51., a 55-year-old wliite woman, was admitted to the University 
Hospitals on Oct. 28, 1947, with a diagnosis of carcinoma of the cecum. At 
operation a carcinoma of the ascending colon with regional lymph node metas- 
tasis was found and a right hemicolectomy was performed. She returned to the 
hospital on Jan. 3, 1949, with a large mass in the right upper quadrant of the 
abdomen which appeared to be liver involved by metastatic carcinoma. A 
posteroanterior radiogram of the chest revealed elevation and nodular outline 
of the diaphragm. The patient had been having very severe pain for two weeks 
and licr physician had been unable to keep her free of pain by intermittent in- 
jections of morphine sulfate and Demerol. At the time of lier admission she 
was emaciated and was apjiarcntly losing ground rather rapidly, although she 
was still able to he out of bed for short periods of time. A right splanchnic 
block was done; this afforded temporary relief of the pain. Thi.s was repeated 


Table III. Patient G. 


DATE 1 

TIME 1 

DUUG 

nCBCLTS 

1/ 8/49 

1215 

() nig. Nu-2200 

Pain relicvctt in 45 min. 


2015 

0 nig. Nu*220G 

Pain relieved in IV* hr. 

1/ D/4D 

1615 

0 nig. Nu-2206 

Pain relieved in 45 min. 

1/10/49 

1700 

1 

6 mg, NU-220G 

Pain partially relieved in 30 mm. ; completely 
relieved in 00 min. 

Before: puUe 128, resp. 28 

After: pulse 124, resp. 24 

1/11/49 

1100 

6 mg. Nu-2206 

No record of result 


2030 

0 mg. Nu-2206 

1 

Sleeping soundly in 2V* hr. 

Before: pulse 112, resp. 24 

After: pulse 96, lesp. 20 

Sleeping soundli at 0730 

1515, pain relieved. Almost asleep 

1/12/49 

0655 

6 mg. Nu-2206 

1/13/49 

1415 

150 mg. Demerol 

l/lG/49 

0930 

I.'jO mg. Demerol 

1000, sleeping at intervals 

1/17/49 ' 

1000 

6 mg. Nu-2206 

45 min., stated she wni* not relieved. Later 
in day stated «he spent a comfortable after- 
noon 

Before: pulse 120 

After: pulse 112 


1930 

6 mg. Nu-2206 

2010, asleep 

1/21/49 

1920 

6 mg. Nu*2206 I 

1 

2045, no pain 

Before: pulse 124, resp. 22 

After: pulse 120, resp. 20 


2330 

6 mg. Nu-2206 

0200, asleep 

1/22/49 

2000 

6 mg. Nu-2206 

2100, no pain. 2200, asleep 

1/23/49 

1930 

0 mg. Nu-2206 

2000, dro%Ysv. 2100, asleep 

1/24/49 

2000 

6 mg, Nu-2206 

2100, asleep 

1/27/49 

1930 

G mg. Nu-2206 

2000, dozing 

1/2S/49 

2000 

6 rag. Nu-2206 I 

2100, asleep 

1/29/49 

1930 

6 mg. Nu-2206 1 

2000, asleep. Slept all night 

1/30/49 

1930 

6 mg. Nu-2206 ' 

2100, asleep 

1/31/49 

0545 

6 mg. Nu-2206 

0600, asleep 


2000 

6 mg. Nu-2206 

Pulse 130, resp. 36. Pulse thready 


2200 

6 nig. Nu-2206 

Asleep. Expired 2-1-49, 0145 
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once without satisfactory analgesia. Cordotomy and prefrontal lobotomy were 
considered but l)ecause of tlie patient’s poor general condition and the short life 
expectancy, it was deemed advisable to try to obtain relief from pain by using 
analgesic agents rather than to subject the patient to a hazardous operative 
procedure. As may be seen from Table III, slie received a total of twenty-three 
doses of 6 mg. of Nu-2206 subcutaneously. This was given from Januaiw 8 
to January 31 when she expired. The degree of relief accomplished by this 
means was considerable, and particularly gratifying was the long period of 
analgesia afforded. It was rrsually possiirle for her to sleep throughout the 
night without awakening with pain. This was in marked contradistinction to 
wliat had been observed with 10 mg. doses of morphine and 100 mg. doses of 
Demerol. In two instances during the period the patient was in the hospital, 
150 mg. of Demerol were given and the result appeared to be less enduring than 
with Nu-2206 in a dose of 6 milligrams. 

In one urological patient who had an inoperalJe retroperitoneal tumor with 
continuous severe pain, Nu-2206 in repeated doses of 4.5 mg. twice daily for a 
total of 113.5 mg. in twenty-three doses was given throughout his .stay in the 
hospital. He required no other analgesic drug. 

In another patient, a 75-year-old white man (Patient E. T.) who had 
severe pelvic pain following recurrence and local metastasis of carcinoma of the 
rectum after abdominal perineal resection, Nu-2206 proved to be very effective 
in producing analgesia. A total of 111 doses, totaling 353 mg., was given over 
a period of sixteen weelcs. Three milligrams proved sufficient when given at 
bedtime to produce comfort throughout the night so that the patient did not 
require other analgesic agents or barbiturates for rest. Occasionally during the 
daytime he took small doses of aspirin (0.6 Gm.) and in a few instances 60 
mg. doses of codeine svilfate. During the first five weeks on Nu-2206, he re- 
ceived only eight doses of codeine. After he had received the drug for seven 
and one-half weeks, complete vdthdrawal was done for five days. The patient 
had no symptoms attributable to withdrawal. Examination five days after witli- 
drawal showed no signs indicating withdrawal effect. Due to severe pain the 
patient was again placed on the drug and the dose was increased to 5 mg. 
shortly before death. After fourteen Aveeks he deA'eloped symptoms and then 
signs indicating subtentorial brain metastasis. Three weeks later he expired. 
No Nu-2206 was given during the last six daj's of life because of coma. 

A summar}^ of our experience AAuth Nn-2206 in the treatment of pain in 
patients -with cancer is presented in Table W. 

Naturally the question of habituation and Avithdrawal effects is also raised. 
In addition to the instance already cited (Patient E. T.) in which withdrawal 
of the Nu-2206 was done after many weeks, ten other patients Avere studied in 
this regard. These all received the drug for mxich shorter periods. None of 
them demonstrated AvithdraAA’al effects. This experience is summarized in Table 
V. 
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SUMMARY 

1. Nu-2206 hfis desirable analgesic properties when administered subcu- 
taneously in doses ot 3.0 to 6.0 milligrams. 

2. For most adults, 1.5 mg. Nu-2206 is an ine/7ective dose. 

3. The duration of analgesia is more prolonged than with 10 to 15 mg. 
morphine sulfate. 

4. Untoward reactions to Nu-2206 are not severe or frequent. 

5. The prolonged effect of Nu-2206 is beneficial in those patients who require 
protracted relief and in whom frequent injections with shorter-acting analgesics 
arc undesirable. 

6. No withdrawal symptoms have been observed in this study. 
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THE EFFECT OF SPLEEN PEOTECTION ON MORTALITY 
FOLLOWING X-IRRADIATION 


L. 0. Jacobson, M.D., E. K. Marks, M. J. Robson, B.S., E. Gaston, and 

R. E. ZlRKLE, Ph.D. 

Chicago, III. 

L ead protection o£ the surgically mobilized spleen of CF-1® mice during 
4 the delivery of 600 r. total body x-radiation obviates the development of 
anemia and significantly lessens the severity and duration of the leucopenia 
and thrombocytopenia that regularly foUow total body exposure at this level.' 
On the liasis of previous work,'^ a single total body exposure to 550 r. x-radia- 
tion produces death of one-half of the mice of this strain in twenty-eight da 3 ’s 
(LDoo/2S daj’sl.f Survival data on groups of mice exposed to single dosages 
of total body radiation with or ivithout lead protection of the surgically 
mobilized spleen are presented in this paper. 


MATERIAL AND METHODS 

The mice used in this study were all females and were 10 to 12 weeks of age when the 
experiment was initiated. The mice were kept in the animal farm in a constant temperature 
room (74° F.) for four to six weeks before use and wore maintained on a diet consisting 
of Derwoodt and water ad libitum before and after the experimental procedures described 
below. 

Dosimetrtf . — Tlie x-rays administered in these experiments were generated in a 250 kv. 
machine operating at 15 milliamperes. A 0.25 mm. copper filter was used. The Imlf-valuo 

Prom tlio Argonne National Laboratory, the Department o£ Medicine, and tlie Institute 
of Radioblologj' and Biophysics of the University of Chicago. 

Aided in part by a grant from the American Cancer Society upon recommendation of the 
Committee on Growth and from The Armour Laboratories. 

Received for publication. Aug. 3. 1949. 

•CF-l, raised by Carworth Farms. Homozygous for tlie recessive genes aa bb cc. 

tHereafter referred to as LD®. 

fManufactured by the Derwood Mill. Derwood, Md. Consists of skim milk, ground wheat, 
yeast, corn oil, salt. Iron citrate, sliark liver oil. Delstcrol. 
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Fig 1. — Photograph of mice showing surgloallr mobilized spleens within paraffin boxes. The 
mice were irradiated in this airangemcnt. 
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R. E. ZiRKLE, Ph.D. 
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L ead protection of the surgically mobilized spleen of CF-1®' mice during 
j the delivery of 600 r. total body x-radiation obviates the development of 
anemia and significantly lessens the severity and duration of the leucopenia 
and thrombocytopenia that regularly follow total body exposure at this level.' 
On the liasi.s of previous work,- a single total body exposure to 550 r. x-radia- 
tion produces death of one-half of the mice of this strain in twenty-eight days 
(LD5(,/2S days).! Survival data on groups of mice exposed to single dosages 
of total body radiation with or without lead protection of the surgically 
mobilized spleen are presented in this paper. 


jiaterial and methods 


The mice used in this study were all females and were 10 to 12 weeks of age when the 
e.xperinient was initiated. The mice were kept in the animal farm in a constant temperature ■ 
room (74° S’.) for four to sis weeks before use and were maintained on a diet consisting 
of DerwooiU and water ad libitum before and after the experimental procedures deseribed 
below. 

Dosimetry . — Tlie x-rays administered in these experiments were generated in a 250 kv. 
machine operating at 15 milliamperos. A 0.25 mm. copper filter was used. Tlie half-value 
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EXPERIMENTAL PROCEDURE 

As is indieatcfl in Table I, four groups of mice were studieil. Miee in Group I were 
untreated controls. Tbe mice in Groups II, III, and r\' v^cre anestlicti-icd with Nembutal 
(0.072 mg. per gram mou-se in a 1:10 dilution) given intriiperitoneallj*, the abdomen nas 
shaved, an incision was made in tJie left upper quadrant, and the spleen uas brought out 
through the incision. The main pedicle was left iiitaefc but to facilitate mobilization a small 


Fis". 3. — ^Plioloeraiih of mice showing surgically mobilized spleens within lead boxes. The mice 
w*ere irradiated In this arrangement. 


vessel at the distal end of the spleen was cut but not tied. Severing this \essel regularly 
produced an infarct in the tip of the spleen. The infarct varied in size involving up to one- 
fourth of the distal tip. No significant Weeding was encountered- During irradiation, which 
required from nine to twenty-two minutes, depending on the dose given, the spleens of Group 
III mice were placed in paraffin boxes that offered no appreciable sluelding (Fig. 1); the 
spleens of Group IV mice were placed in lead boxes with walls of one-fourth jncli tluckness 
(Fig. 2, A and B and Fig. 3) that afforded essentially complete shielding of the spleen from 
irradiation. The spleens of Group II were kept in lead or paraffin boxes during liie x-irradia- 
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tion of Groups III and lY. The spleens of all groups tlius mobilized were kept moist witli 
physiologic saline during the period in 'wliieli they were outside the body cavity. After 
completion of these, procedures, the spleens of all groups were returned to the abdominal 
cavity and the incision was sutured with silk. Complete recovery from the anesthetic required 
from two to three hours. The mice were returned to the animal farm, and deaths were 
recorded in twenty-four hour periods through twenty-eight days. 

RESULTS 

As indicated in Table I, the percentages of survival of animals in Groups 
I and II (untreated controls and operated controls) were 96 and 100 per cent 
respectively. With a dosage of 600 r., 40 per cent of the animals in Group III 
survived the twenty-eight day period. Accordingly, the LD50 for animals whose 
spleens were mobilized but not protected was somewhat less than 600 r. and 
probaldy close to the LDjo of intact animals (550 r.). On the other hand, in 
mice of Group IV, which were provided with lead protection of the spleen during 
irradiation of the balance of the bodj”^, a dosage of 975 r. was required to reduce 
survival to about 50 per cent. In other words, these data show that the LDjo 
for total body x-irradiation exclusiv'e of the lead-protected spleen is nearly twice 
as great as the LD^q for total body x-iiradiation inclusive of the spleen. 

DISCUSSION 

The precise mechanism whereby lead protection of the spleen so significantly 
increases survival following irradiation is yet to be determined. The capacity 
of the spleens of these mice to compensate so quickly for the destruction of 
hematopoietic tissue elsewhere in the body may be the significant factor, but 
other possible direct or indirect functions of the spleen may be involved. For 
example, data from a preliminary experiment* indicate that rabbits retain the 
capacity to produce antibodies to intravenously administered foreign red cells 
(1 c.c. of a 2 per cent suspension of sheep red cells) in a normal manner if 
either the spleen or appendix is lead protected during the delivery' of 800 r. 
x-radiation to the balance of the body; total body x-irradiation with this dosage 
but without lead protection of the spleen or appendix more or less completely 
inhibits the development of demonstrable antibodies to this antigen. The antigen 
was given two days after irradiation and observations on the development of 
hemolysin titer followed at intervals of seven days through twenty-eight days. 

SUMMARY 

Female CF-1 mice of 10 to 12 weeks of age were divided into four groups. 
Group I mice were untreated controls. IMice in Groups II, III, and were 
anesthetized with Nembutal, an incision was made in the left upper quadrant 
of the abdomen, and the spleen was mobilized. Jlice in subgroups of Groups III 
and IV were given various single dosages of x-irradiation. During irradiation 
the mobilized spleens of Group IV mice were protected from radiation by lead 
shielding, whereas no shielding was provided for the spleens of mice in Group 
III. Group II mice served as “operated” controls. The dosages administered 
were 600, 700, 900, 975, 1,050, and 1,250 i-. Irradiation time ranged between 
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Nine and tiventy-tivo minutes. After irradiation the spleen was returned to the 
abdominal cavity and the incision was sutured. The survival of the mice in 
these various groups was observed over a twenty-eight day period. Without 
lead protection of tlic .spleen, the LDs© for irradiated mice in the twenty-eight 
day period of observation wa.s less than COO r., whereas the LD 50 for mice nnth 
lead protection of the spleen approximated 975 r. 

CONCLUSIONS 

The for mice exposed, to total body x-radiation exclusive of the surgi- 
cally mobilized lead-protected spleen is nearly tuice as great as the LD 50 for 
mice exposed to total body x-radiation inclusive of the spleen. 
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tion of Groups III aud r\'^. The spleens of all groups thus niohilized were kept moist with 
physiologic saline during the period in which they were outside the body carity. After 
completion of these procedures, the spleens of all groups were returned to the abdominal 
cavity and the incision was sutured with silk. Complete recovery from the anesthetic required 
from two to three hours. The mice were returned to the animal farm, and deaths were 
recorded in twenty-four hour periods through twenty-eight days. 

RESULTS 

As indicated in. Table I, the percentages of survival of animals in Groups 
I aitd II (untreated controls and operated controls) -vvere 96 and 100 per cent 
respectively. With a dosage of 600 r., 40 per cent of the animals in Group III 
survived the twenty-eight day period. Accordingl}’’, the LDgo for animals whose 
spleens were mobilized but not protected was somewhat less than 600 r. and 
prohabl3’ close to the LD^o of intact animals (550 r.). On the other hand, in 
mice of Group IV, which were provided with lead protection of the spleen during 
irradiation of the balance of the bodj-^, a dosage of 975 r. was required to reduce 
survival to about 50 per cent. In other woi’ds, these data show that the LDjo 
for total bod}’’ x-irradiation exclusive of the lead-protected spleen is nearly twice 
as great as the LD55 for total body x-irradiation inclusive of the sjrleen. 

DISCUSSION 

The precise mechanism whereby lead protection of the spleen so significantly 
increases survival foUoiving irradiation is yet to be determined. The capacity 
of the spleens of these mice to compensate so quickly for the destruction of 
hematopoietic tissue elsewhere in the bodj' may be the significant factor, but 
other possible direct or indirect functions of the spleen may be involved. For 
example, data from a preliminary experiment’ indicate thcat rabbits retain the 
capacity to produce antibodies to intravenously administered foreign red cells 
(1 c.e. of a 2 per cent suspension of sheep red cells) in a normal manner if 
either the spleen or appendix is lead protected during the delivery of 800 r. 
x-radiatron to the balance of the hodj”; total body x-irradiation with this dosage 
Inrt without lead protection of the spleen or appendix more or less completely 
inhibits the development of demonstrable antibodies to this antigen. The antigen 
was given two days after irradiation and observations on the development of 
liemolysin titer followed at intervals of seven days through twenty-eight days. 

SUMJIAKY 

Female CF-1 mice of 10 to 12 weeks of age were divided into four groups. 
Group I mice were untreated controls. Mice in Groups II, III, and IV were 
anesthetized with Nembutal, an incision was made in the left upper quadrant 
of the abdomen, and the spleen was mobilized, klice in subgroups of Groups III 
and IV were given various single dosages of x-irradiation. During irradiation 
the mobilized spleens of Group IV mice were protected from radiation by Iced 
shielding, whereas no shielding was provided for the spleens of mice in Group 
III. Group II mice served as “operated” controls. The dosages administered 
were 600, 700, 900, 975, 1,050, and 1,250 r. Irradiation time ranged between 
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Similar experiments were carried out on dcnervated licart-lung prepara- 
tions.®* *®' The data from these experiments indicated that as left ventricular 
output was diminished (e.g., from cardiac damage by asphyxia, “toxic factors,” 
or acute strain), venous engorgement of the lungs occurred, ultimately causing 
severe edema. The work of Barry** was of particular interest. He observed 
in heart-lung preparations tliat, if the viscosity of the blood was decreased by 
the addition of saline, edema of the lungs could be induced. This effect was 
apparent when the specific gravit}*’ of the blood was reduced from 1;053 (nor- 
mal) to 1:045 or 1:050. However, Barry also observed in these preparations 
that excessive venous inflow, together with high peripheral arterial resistance, 
overloaded the left ventricle so that congestion and alveolar edema ensued. 
Barry’s observations were of significance in their demonstration that the Star- 
ling principles** of vascular pi'c.ssures and tissue fluid balance may apply to the 
lung as well as to structures supplied by the peripheral vascular system. 

On the basis of such experiments, tlic concept of pulmonarj' engorgement 
and transudation from predominant left ventricular failure has been widely ac- 
cepted, and much of the rationale of the management of clinical heart failure 
has rested upon this pi*cmise. 

]\rany observers, however, have accepted the alternative concept that pul- 
monary edema may result from intense reflex vasodilatation of the vascular bed 
of the lungs or from increased capillarj' permeability. They have argued that 
failure of the heart may not be primarilA' concerned in initiating pulmonary 
edema. Lambert and Gremels” insisted that the formation of edema in heari- 
Uuig preparations was accompanied by only a .slight rise of pulmonary* venous 
and arterial tensions. These pressures became significantly elevated after edema 
was establi.shcd. Thc}' thought the capillary leakage was caused by the “tox- 
icity” of the shed blood used in the preparations. A number of others*** *®‘ **• 
have shared the view that toxic factors occurring in the blood may injure the 
pulmonary capillaries and facilitate transudation. 

Cataldi*® used a technique similar to that of Coelho and Rocheta,** and he 
noted the precipitation of pulmonary edema when portions of the right ventricle 
were destroyed by solutions of silver nitrate or absolute alcohol introduced into 
the ventricular wall. He contended that failure of the left ventricle was not a 
necessary prerequisite to the onset of pulmonary edema, for damage to the 
right ventricle might be equally deleterious to the lungs. 

Tlie contention that pulmonary vascular reflexes may lead to lung edema 
formation has rested largely on observations entailing marked disturbances of 
the sympathetic nciwous system.*®* Luisada*® pi’oduced paroxysms of edema 
in rabbits by the use of adrenaline. The paroxy.sms were often prevented by 
the use of sedatives (i.c. morphine or the barbiturates), or by transsection of 
the spinal cord at the cervical level. He attributed these effects of adrenaline 
to stimulation of the central neivous system including centers controlling 
pulmonai’j' vascular reflexes and capillarj' permeability. In contrast, evidence 
has been evolved to show that adrenaline may seriously affect the heart*® and 
provoke myocardial failure.** Lui.sada and Sarnoff** declared that experimental 
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procedures producing cereliral anemia maj' alter the distribution of blood within 
the lungs by vasomotor mechanisms, so that alveolar transudation occurs. A 
similar explanation was suggested by Jarisch and co-workers=^ for the edema 
resulting from the intraeisternal injection of veratrine in rabbits. Farber^’ 
reported that edema of the lungs frequently occurred in guinea pigs following 
bilateral cervical vagotomy causing the loss of vasomotor control of the lungs. 
However, Sussman and eo-worbers-® could find no such effect of vagotomy in 
guinea pigs when respiration was optimally maintained. 

On the basis of clinical ob.sei*vation, a number of workers have suggested 
that pulmonary edema maj' be touched off by failure of autonomic control of 
the pulmonary vascular bed. SalmoiF® implicated stimulation of the carotid 
sinus as a means of inducing transudation. Intracranial hemorrhage^* and in- 
juries of the spinal eord^= and of the medulla oblongata^® have likewise been 
reported to cause intense pulmonaiy edema. 

In most of the clinical and experimental observations of “neurogenic” 
pulmonary edema, measurements of cardiac jierformance were not reported. 
If the function of the heart were sci'iously curtailed through aberrant autonomic 
stimulation from various causes, one might expect lung congestion and its con- 
sequences from a critical decrease of left A-entricular output. In fact, Campbell, 
Haddy, and Visscher** have shown recently that elevation of intracranial ten- 
sion may be accompanied by marked bradycardia, diminution of cardiac output, 
and elevation of pulmonary venous and arterial pressures, with the occun'ence 
of pulmonary edema. These resjionses were modified by severance of the vagus 
nctwes. 

The conflicting views of the genesis of pulmonaiy edema, as indicated in 
tliis review, have not been reconciled. Luisada has stated tliat “the generally 
unsatisfactory ba.sis for the baclavard failure theory of pulmonary edema 
strongly favors its abandonment. On the other hand, there is a paucity of 
evidence to support the “neurogenic theory” as the sole cause of edema of the 
lungs. Furthermore, other evidence has indicated that the latter concept must 
be viewed with skepticism until reflex effects upon the heart and its function 
have been investigated more thorongbly. 

It seems clear however that any attempt to re-explore the cause of pul- 
monary edema requires an understanding of the means b.v which abnormal 
fluid exchange may occur in the lungs. Although tlie concise precepts of fluid 
balance described by Staiding*^ ai'c widely accepted as applying to the lung 
as well as to other tissues, there has been little controlled observation of the 
Starling principles on the lungs. Experiments were therefore designed to test 
the effects of increased capillary hydrostatic pressure and of diminished osmotic 
tension (the Starling principles) on pulmonary circulatory function. E.xperi- 
ments dealing with this aspect of the problem will be reported in this paper. 

METHOD 

Experiments were pcrformecl on dogs under Kcmbutal anesfiic.sin. Ttie right fhoraeie 
duct was isolated, and the rate of lymph flow was measured by the method previously 
described by ns.^s Under positive pressure respiration, the thorax was opened and the 
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pericardium incised. Tim animal waa then heparinized in the usual manner, after careful 
hemostasis had been secured. Sj’stemic and pulmonary arterial pressures were recorded 
from cannulae placed in the left subclavian artery and light upper pulmonary lobar arterj-; 
these were connected to simple mercury manometers. A water manometer was attached to a 
cannula tied into the left atrial appendage. Ordinary heart-lung preparations were then 
set up. 

In order to study the effects of decreased osmotic pressure, the protein content of the 
blood was reduced by partial replacement of tho plasma w’itli Loche's solution (six experi- 
ments). Dilution was accomplished by centrifuging a quantity of blood approximately 
equal to that in tho circuit; the plasma was removed to the level of the packed cells by 
suction, and the original plasma volume was then restored by the addition of warmed Locke’s 
mixture. At any given time, the normal blood in the venous reservoir could be drained away 
and replaced by the red cell suspension. The rates of lymph flow, the various pressures, 
and tlic appearance of the lungs were repeatedly observed. Sections of the lungs for his- 
tologic examination ucre taken during and at tho termination of tho experiments. Plasma 
protein levels were determined by the methods of Campbell and Hannase, a ^nd of Howe.^o- 

The effect of increased pressure in the pulmonary capillaries on edema formation was 
studied in six prepaiations. Pulmonary engorgement was produced by “overloading” the 
left ventricle. Elevation of venous inflow (and theieforc cardiac output) or increase of the 
peripheral resistance, singly or together, produced left %entricular dilatation and left 
atrial engorgement. The effects of tliis treatment on pulmonary arterial and venous pres- 
sures, and on blood volume, were noted. Lymph flow was frequently determined, and sec- 
tions for microscopic study of the lungs were taken. 

All specimens of lung tissue were fixed in formol-salinc solution (TrowelD’ so as to 
facilitate preservation of edema fluid and were stored in SO per cent alcohol. 

RESULTS 

Effects of Diminution of Plasma Proteins on the Formation of Pulmonary 
Edema . — ^During the control periods, the hcart-lnug preparations functioned 
under loads that appeared to place no strain upon the myocardium. Usually 
the peripheral resistance was adjusted to produce a mean aortic pressure of 
90 to 110 mm. Hg; the cardiaic inflow was about 400 c.c. per minute. Under 
these conditions, mean pulmonary arterial pi'essurc varied from 10 to 20 mm. 
Hg and left intra-atrial tension ranged from 3 to 6 cm. of water. Thereafter 
the suspension of cells in Locke’s fluid was jdaced in the venous reservoir after 
removal of as mucli of the normal blood from the circuit as possible without 
introduction of air into the venous tubing. Usually 200 to 300 c.c. of the cell 
suspension were used. In most experiments, it was estimated that approximately 
one-half of the circulating blood volume was replaced when these quantities of 
cell suspension were used. 

The effects of the addition of diluted blood were first manifested in the 
flow of lymph from the lungs. The flow increased notably within one to ten 
minutes, and thereafter was progi’cssivcly accelerated. The level of blood in 
the venous reservoir decreased, indicating a loss of circulating blood volume. 
However, the size of the heart was not increased, and pressures in the pulmonary 
arteries and left atrium were not materially altered. In four experiments, pul- 
monaiy arterial pressure was not affected at all; in one instance a decrease of 
4 mm. Ilg tension was noted, while in two examples there were transient eleva- 
tions of the pulmonary blood pressure of 5 mm. Hg. Pulmonary' venous pres- 
sures were unaltered in two instances, and rose from 2 to 6 cm. of water in four 
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])reparations. Therefore, the continued normal size of the heart and the gen- 
eral level of performance indicated that cardiac function was not impaired (Pig. 
1 and Table I). 

After the cell-saline suspension Avas circulating in the preparations, and 
during the period of fluid loss into the lungs, there ivas a gradual return of 
plasma protein concentration to normal values. In some instances the plasma 



F;j 7. 1. — The effect Of hypoproteincniia upon flukl exchange in tiie lungs. At the time 
indicated, low protein blood was placed in the heart-lung system. Protein concentration or the 

blood is indiciitcd by curve . Columns represent lymph flow. Abscissa is 

time in minutes. See Table I. Experiment 4S. 


proteins continued to rise to concentrations greater than those in the normal, 
undiluted blood. (See Table 1.) However, with the rise of plasma protein con- 
centrations to control (or above control) values, a corresponding diminution of 
lymph flow and reduction of pulmonary edema was nol observed. This phe- 
nomenon is well ilinstratecl in Fig. 1. Note that the curve indicating plasma 
jirotcin concentration of the cell suspension showed a progre.ssive increase, but 
that lymph How also showed a continuous lise. The persistence of accelerated 
lymph flow after the return of plasma proteins to normal levels probably rep- 
resented the drainage of the previously accumulated fluid from the lungs. How- 
ever, the mechanism by which the plasma proteins subsequently rose to levels 
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Table I. ErrEcrr op Diminution of Plasma PnoTEiNs 
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above control values is not clear. Possibly the interstitial fluid produced by 
the initial hypoproteineniia obsti’Uctcd aeration of the lung tissue, causing 
anoxie damage to the pulmonary capillaries and abetting transudation of pro- 
tein-poor fluid. Another explanation may be that plasma protein lost into the 
extvavascular space during initial transudation increased tissue fluid osmotic 
tension to such a degree tliat transudation went on despite the increase of blood 
protein level, producing greater homoconcentration. 

Injhicnce of Cardiac /nsit^cicncr/ and r\ilmon(ir\j Congestion on the Forma’ 
tion of Edcvio of the Lungs. — These observations were carried out on sLx heart- 
lung preparations. For control purposes, the venous inflow and peripheral 
resistance were adjusted so as to impose no undue .strain upon tlic licarts, ns 
in the preceding experiments. In four experiments the cardiac load was aug- 
mented by inercasiiig tlic aortic pressure from 90 to 110 mm. Hg to 160 to ISO 
mm, Ilg, In two instances, overburdening of the Jieart was accomplished by 
sharp elevations of venous inflow to 600 to 700 c.e. per minute (control, 200 to 
300 c.e. per minute). With both means of taxation of tlie heart, left ventricular 
dilatation became apparent. The pulmonary venous and arterial pressures then 
rose and congestion promptly ensued. Congestion of the lungs was manifested 
by turgcsceiiee, followed tpiickly by duskiness of the tissue. Jlyriads of fine 
crepitant nlles could be discerned by direct auscultation. The fluid volume in 
the venous reservoir diminished rapid!}-, and the passage of lymph from the 
right thoracic duct progressively increased beginning three to twelve minutes 
after the onset of congestion. As the process continued, tlic pulmonary Ijmph 
became pinkish in hue, and Anally dark red, Microscopic examination of the 
red lymphatic fluid showed that it contained up to 600,000 red blood cells 
per cubic millimeter. Sections of the lung tissue taken at the time of accelerated 
lymph flow exhibited intense congestion and edema. In some instances pul- 
monary transudation \Yas so marked that foam extended into the main bronchi 
and trachea. In all of these experiments, pulmonary engorgement and edema 
was permitted to become extreme; no attempt was made to reverse the process 
by reducing cardiac load. 
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The difference in appearance between these lungs and those of the hypo- 
prof-eiuemic experiments was striking. When the hypoproteinemic lungs became 
edematous, they wore pale and flaccid, the acceleration of lymph flow was not 
•so rapid, and llic general tempo of the reaction was rather gradual. In contrast, 
the congested lungs became red and turgid, the acceleration of lymph flow was 
rapid, and the lymph lieeame hemorrhagic. Edema fluid was frequently profuse. 



Fig. 2. — The effects of pulmonarj' congestion upon fluid exchange in the lungs. When 
the heart-lung was cst.ahlished in this experiment, peripheral resistance was excessive ana 
pulmonary concostion immediately app«'ared. as indicated by venous and arterial pressure 
curves. Cong«*stion was further increased at arrows. Columns represent lymph flow. 


DISCUSSIOX 

These experimental data suggest that the well-lniown Starling principles 
of vascular and ti.ssue fluid balance are operative in the lung structures. The 
mechanism of pnlmonai’y edema induced by low plasma protein — low blood 
osmotic tension — is clear and requires no particular comment. However, the 
ju'odviction of pulmonary edema from congestion is more important from the 
standpoint of cardiac insufficiency. 

The e.xperiment.s show that in the heart-lung preparation, left ventricular 
load may be greatly augmented by elevation of aortic pressure or by increasing 
the stroke and minute output or by botli. Thus the left ventricle can he over- 
loaded so that, venous inflow (and idght ventricular output) may exceed the 
greatest possible left ventricular outpur. With failure of the left ventricle 
to accept all of the blood flowing lo it through the lung.s, pulmonaiy venous 
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outflow is impaii'cd and blood is impounded in the lungs bj tliu eontinuiiig 
competence of the right ventricle. Examination of Fig. 2 and Table 11 shows 
that these events cause pulmonary venous and arterial })ressiu’Gs to rise to liigh 
levels. Since the normal pulmonary capillar}' pressure is estimated at mean 
values of 10 to 15 mm, Ilg in open-chest preparations^^ and the normal blood 
osmotic pressure at 20 mm. Hg (judged by normal plasma protein levels in 
these and other^^ experiments), it is apparent that capillary pressure may ex- 
ceed that of the osmotic tension when the lungs arc congested Kapid filtration 
of fluid from the capillaries then occui’s. 
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A contrasting explanation for experimental pulmoiiar}’ edema was ofl'erod 
by Luisada and Sarnoff.“ They reported experiments in wiiich saline infusions, 
given in large quantity, produced pulinonar}' edema They noted that when 
the solutions were injected cephalad into llic carotid in lories under high pres- 
sure, edema of the lungs fi’oqucntly occurred. On the otlier hand, w’lien com- 
parable amounts of fluid were injected into the .systemic veins under lower pres- 
sure, edema was somewhat less frequent. They suggested that foicible irriga- 
tion of the cerebral circulation by salt solutions resulted in cerebral anemia and 
provoked pulmonarj' transudation by reflcxogcnic influences on the vascular botl 
of the lungs. Their results were compatible with sudden and serious cardiac 
overload. They paid scant attention to the j>o.sstbiiity of altered circulatory 
dynamics, and the influence of massive saline infusions on the pln.sma proteins 
was not considered. 

Other workers'*^’ have also reported that massive increases in the ejrculal- 
ing fluid volume may introduce a load against which the heart cannot cope, witli 
consequent pulmonary congestion and edema. This factor was particularly 
striking in the sUtdies of Gibbon and Gibbon."* In cats, they removed the right 
middle and both low'er lung lobes so as to raise the pulmonary hydrostatic 
pressure by restriction of the circulatory capacity of the lungs They found 
that intravenous saline infusions were especially likely to provoke pulmonary 
edema and rapid death in these preparations. AJthougli tiieso workers attrib- 
uted the edema mainly to inma.scd capillarv pei-mcahility rather tlian to any 
dynamic effects, their results suggest that edema oceurred from elevation of the 
pulmonary hydrostatic pres.sure and possibly from diminution of the plasma 
proteins. 
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The correlation of increased lymph flow and the onset and progression of 
pulmonaiy edema was strikingly evident in these experiments. We noted 
that in every instance where a significant elevation of lymph flow oecnrred, 
gross or microscopic pulmonary edema could be found. 


SUMMARY 

Expeidments arc presented which show that pulmonarj' edema may be in- 
duced in the heart-lung preparation by (1) the lowering of the plasma proteins 
from replacement of blood plasma with Locke’s solution and (2) by elevation of 
inilmonaiy vascular (hydrostatic pressui’cs following imposition of left ven- 
ti'icular overload. It was demonstrated that abnormal fluid exchange in the 
lung tissue may result from disturbances of h 3 ^drostatic and osmotic pressure 
relationshijis as described by Starling.^^ Although the results of these experi- 
ments, involving the heart-lung preparation, do not necessarily explain the 
cause of acute pulmonaiy edema in intact subjects, the.v do demonstrate that 
Stai’ling’s principles apply to the pulmonary as well as to the sj'stemic circula- 
tion. The Starling principles, therefore, must be considered in all future studies 
relating to the pathogenesis of pulmonary edema. 

The onset and progression of pulmonary edema were always attended bj'" 
an increase in the flow of Ijunph from the right thoracic duet. The measurement 
of an increased pulmonary Ijunph flow has been found to be a reliable indicator 
of the presence of pulmonarj' edema. 


REFERENCES 

1. Drinker, C. K. : Pulmonary Edema and Inflammation, Cambridge, 1945, Harvard Uni- 

versity Pres.s. 

2. HonnemanJ P. H.: Acute Pulmonary Edema, With Special Reference to Experimental 

Studies, New England J. Med. 235: 590, 194G. 

3. Welch, W. H. : Zur Pathologie dcs Lungenodem.s, Virchows Arch. f. path. Anat. 72: 

375, 1S7S. 

4. Sahli, n. : Zur Pathologie nnd Therapic des Lungenodems, Arch. f. exper. Path. u. 

i?hann.akol. 19: 433, 18S5. 

5. Bettellicim, K. : Ueber die Storungen der Horzmechanik nach Compression dcr Artcria 

Coroaaria Sinistra dc.s Herzens. Ztschr. f. klin. Med. 20: 430, 1892. 

0. Lowit, M.: Ueber die Entstehung des Lungenodems. Ein Beitrag zur Lehrc vom Lungen- 
kreislauf, Zieglers Beitr. z. path. Anat. 14: 401, 1893. 

7. Kraus, P. : Ueber Lnngenodem, Ztschr, f. exper. Patli. u. Tliorap. 14: 402, 3913. 

8. Modrakowski, G.: Beobachtungen an der iiberlebenden Siiugetierlunge. II. Ueber die 

expcrimenfelle Erznegung von Lnngenodem, Pflnger’s Arch, f, d. gcs. Pliysiol. 158: 
527, 3914. 

9. Fiihner, H., and Starling, E. H.: Experiments on the Pulmonary Circulation, J. Physiol. 

47: 280, 1913-14. 

10. Matsuoka, Y.: A Contribution to the Pathologj- of Obstructive Oedema of the Lung, 
Based on Ob.'crvations With the Starling Heart-Lung Preparation, J. Path. & Bact. 
20: 53, 1915-10. 

13. Newton, W. H. ; Pulmon.arv Oedema in the Cat Ileart-Lung Preparations, J. Physiol. 75: 
2SS. 1932. 

12. Barn-, D. T.: Pulmonan- Oedema and Congestion in the Heart-Lung Preparation, J. 

Physiol, 57: .108, 192'3. 

13. Starling, B. IL: Phvsiologicnl Pactors Involved in the Causation of Dropsy, Lancet B 

1207, 1S9G. 

14. Coelho, E.. and Rocheta, J. : Etudes expCrimcntales sur la pathogenic do I’oedemc aigu 

dii poumon, Ann. de med. 34: 91, 19,11. 

15. Lambert, R. K., and Gremcls, H.: On the Factors Concerned in tlic Production of Pul- 

monary Oedema, J. Physiol. 01: 98, 1920. 



MECPUlsnsSIS OP EDEMA FORMATION' IK LTTNQS 


1553 


IG. Kato^vaehtschikow, A. M. : Zur Prafjc naeh dcr Veriinderungen dcr HerzthUtigkeit xind 
des Blutkieislaufes bci nkutcm Lunscnodetn, Ztschr. f. exper. Path. u. Therap. 13: 
400, lOlG. 

37. Moon, V., and Morgan, D. R.: Ex|>eriincntal Pnlmonaiy Edema, Arc3i. Patia 21: 565, 3935, 

18. Bninp, P.; Experimetxtelles zum Lnngcnodcm, Wien., him. Wchnsclir. 46: 2G2, 1933. 

19. Luisada, A. A.: The Patliogeucsts of Paroxj'smal Pulmonary Edcraa, Jfedicine 19: 475, 

1940; The Treatment of Paroxysmal Pulmonary Edema, E-vper. Med. & Surg. 1: 
22, 1943; Beitrag zur Pathogencse und Tlierapie dcs Lungenodems und des Astlima 
cardiale, Arch. f. exper. Path. ti. Phannakol. 132: 313, 192S. 

20. Johnson, S.: Experimental Production and Prevention of Acute Edema of the Lungs 

in Babbits, Proc, Soc, Exper. Biol. & Med. 25: 181, 1927-28. 

21. BosenbUim, II., Hahn. B. G., and Levine, S. A.: Epinephrine. Its Effect on the Cardiac 

Mechanism in Experimental llypcrthMoidism and Hypothyjoidism, Arcli. Int. Med. 
51: 27D, 1953. 

22. Luiisnda, A, A., nnd Snmoff, S. J.: Paroxyrmal Pulmonary Edema Consequent to Stim- 

ulation of Cardiovascular Receptors. T. Effect of Intra-Arterial and Intravenous 
Info.'sions. II. MeehanicnJ nnd Neurogenic Elements, Am. Heart J. 31: 270, 282, 1946. 
2.3. Jarisch, A,, Richter, H., and Thoma. II.: Zentrogenos Lungenddem, KUu. Weimschr. 18: 
2440, 1939. 

24. Farber, S. : Studies on Pulmonarj’ Edema. TI The Pathogenesis of Neuropathic Pul- 

monary Edema, J. Exper. Mod. 66: •lO.i, 2937. 

25. Banzelot, E., and Menf'trel, B.: L’infiltration steilaire dans Ic traitement des crises 

r^cidivantes d'oedime aigu pulmonairc. Bull, ct mdn\. Soc. m<id. d. hfip, de Paris 
56; 679, 1940. 

20. Keser, V.; L’oedfemo pulmonaire oigu d’origine eentralc, Rev. m6cl, de la Suisse Rom. 
62: 38, 1942. 

27. Gibbon, J. H., Jr., and Gibbon, M. II.: Experimental Pulmonary Edema FoHowing Lobec- 

tomy and Plasma Infusion, Surgery 12: 694, 1942. 

28. SussTtian,* A. IL, Hemingway, A., nnd Visschcr, M. B.: Importance o£ Pressure Factors 

in the Genesis of Pulmonary Edema Following Vagotomy, Am. J. Physiol. 152: 585, 
1948. 

29. CataJdi, G. M.: OedSme aigu du pouroon dans lea Wsions o.xperiniontnles du vcntnculc 

droit. Arch. d. inal. du coour 28: 604, 1935. 

39. Salmon, A..' Lc role du .«!inus cftrotkUen dans le ni«5canisrnc de I'ocdeme pulmonairc algu, 
Ann. do mSd. 38: 270, 1935. 

SI. Weisman, S.i Edema and Congestion of tho Lungs Bcsulting From Intxacranial Hemor- 
rhage, Surgery 6: 722, 1939. 

32. Fontaine, R., and Courtinc, G.: Crises d’oe<3eme aigu du poumon chez ua parapl^gique 

par section, doraale haute do la tnoeUc traitecs avec suceba par dos infiltrations 
Btellaires, Presse nied. 48: 713, 3940. 

33. Schlesinger, B. j Nenrogenie Pulmonary Edema, Hue to Puncture Wounds of the Medulla 

Oblongata, J. Nerv. & Meat. Dis. 102: 247, 3945. 

34. Campbell, G. S., Iladdy, F. J., and Visschcr, M. B.; Effect of Increased Intracranial 

Pressure on the Circulation in Relation to Pulmonarv Lesions, Feder.ation Proc. S.‘ 
21, 1949. 

35. Paine, R., Butcher', IL R., Howard, F. A., and Sraitli, J. R. r A Technique for the Colloc- 

tion of Lymph From the Right Tliorncic Duct m Doga, J. Lab. & Cux. Med. 34; 
1576, 1949. 

36. (a) Campbell, W. R., and Hanna, M. I.* SulOtes as Protein Precipitants, J. Biol. Cliem, 

119: 9, 1937. 

(b) Howe, P. E.: Use of Sodium Sulfate ns the Globulin Precipitant in the Determina- 
tion of Proteins in Blood, J, liiol. Chcm. 49: 93, 1921 

37. Trowell, O. A.; The Histologv of the Isolated Perfused Lung, Quait. J. Exper. Physiol. 

32: 203, 1943. 

3S. Hollcms, H. K., HnjTies, F. W., Dexter, L., and Kinney, T. D.: Pulmonary Capillary 
Prc.'ssure in Animals Estimated bv Venoui. and Arterial Catheterization, Am. J. 
Pliysiol. 155: 9S, 2945. 

39. Miller, J. K., and Poindexter, C. A.: The Effects Observed rolloning the Intravenous 

and Subcutaneous Adnimistmtlon of Fluid. An E.xperinicntal Studv on Do"s 
J. Lab. & Clin, JIeb. 18; 287, 1932. 

40. Yeomans, A., Porter, R. R., und Ssvank, R. L. : Observ.at5ons on Certain Manifestations 

of Circuiatory Congestion Produced in Dogs hv Rapid Infusion, J. Clm. Investiga- 
tion 22: 33, 1943. 

41. Cutting, R. A., Larson, P. S., nnd Lands, A. M.; Cause of Death Resulting From Massive 

Infusions of Isotonic Solutions, Arch. Surg. 38; ->99, 193D. 

42. Eaton, R. M,: Pulmonary Edema, Experimental Obsersmtions on Dogs Following Acute 

Peripheral Blood Loss, J. Thoracic Surg. 16: COS, 1947. 



LABORATORY METHODS 


POLYVINYL ALCOHOL-FIXATIVE AS A PEESEEVATHTS AND 
ADHESIVE POE PEOTOZOA IN DYSENTEEIC STOOLS AND 
OTHEE LIQUID MATBETALS 

M. JL Brooke, D.Sc., and Morris Goldsian, M.S. 

Atlanta, 6a. 

With the Technic.vl Assistance of Sadie A. Johnson, A.B. 

T EOPHOZOITES of intestinal amoebae deteriorate rapidly, and conse- 
quently it is frequently difficult for a physician to get laboratorj' con- 
firmation of suspected cases of amoebic dysentery or amoebiasis. Submitting 
the stool to a distant laboratory for diagnosis has been unsatisfactoiy since the 
etiological agent, even if originall.r present, is usnallj' unrecognizable by the 
time the specimen is examined. A negative report under these circumstances 
is, of course, meaningless. 

In an attempt to solve this problem, Goldman*’ ^ devised a technique for 
preserving fecal smears with a film of polj’vdnyl alcohol (PVA)-fixative. 
Smears so prepared could be shipped for long distances or stored in a dried 
condition for months without undei'going any deterioration. In the laboratorj’, 
the PVA films were removed and the smears were stained liy standard hema- 
toxylin procedures. 

During 1948, this method was used by this laboratory in coo])eration with 
local health officials and physicians in Georgia, Alabama, hlississippi, Kansas, 
North Dakota, Minnesota, and California. Out of thirty specimens submitted 
during several months, a diagnosis of Endamocha histolytica was made in 
thirteen instances. The rest showed either no organisms or trophozoites and 
cysts of various other intestinal protozoa (Endamocha coli, eleven; Endolimax 
mna. fifteen; Bicniamocha- fragilis, one; and Giardia lamhlia, one). 

The purpose of the present paper is to report simplified and improved 
methods for preparing specimens and for handling them in the laboratoiy, and 
to point out possible applications of the teelinique to the study of organisms 
other than intestinal protozoa. 

3IATER1.ALS AND JIETHODS 

Folyvinyl Alcohoh — Polyvinyl alcohol is a synthetic water-soluhlo polymer of vinyl alco- 
liol that is available in the form of a white, odorlc.'s powder or fcranular material. Its aqueou.' 
solutions are stable over long periods of time. Visco.^ity of the solutions can be rogidated 
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by concentration of PVA and by the degicc of polymeiization of tlie alcobol,* Films formed 
by drying aqueous solutions are tough, thin, and transparent. They generally adhere firmly 
to clean glass surfaces and are resistant to alcohol, ether, acetone, xj'lol, oils, and even 
short exposures to Avatcr. 

PVA has been used as an embedding medium for tissues, ^ as a mounting medium for 
insects and fungi, 4. s, u and as a means of reducing motility of paramecia and other small 
organisms.^ 

PVA‘Fixative . — The fixative was prepared as described by Goldman.s Five grams of 
powdered PVA were added to a mixture at room temperature containing 1.5 ml. of glycerol, 
5 ml. of glacial acetic acid, and 93.5 ml. of Schaudinn^s solution (2 parts of saturated aqueous 
mercuric chloride to 1 part of 95 per cent ethyl alcohol). Heating to approximately 75^ C. 
while stirring facilitated the picparation of a water-clear, nonUimpy solution. This was used 
as soon as it had cooled to about 50* C. or less and it remained satisfactory for several 
months. 

Prf5crintion of Siicvwiens Tl'tWi PVJ-Ftiative . — 

-J. On Microscope Slides; IVitli the aid of an applicator stick, a drop of specimen was 
mixed on a microscope slide with 3 drops of fixative and smeared over approximately one- 
third of the glass surface. To insure thorough drying, smears were usually placed in an 
incubator at 37** C. overnight. 

S. In Ftols; A quantity of specimen was thoroughly mixed m a vial containing three 
or more parts of fi.xative. Smears for staining wcic prepared immediately or months later 
by spreading n drop or two of the mi.xturc on a microscope slide and allowing it to dry thor- 
oughly. Caro was taken not to have the smears too thick. 

Staining of Organisms in PVA Films . — In the original PVA-fi.xative technique, fecal 
smears were covered but not mixed with fixative. In the laboratory the films were removed 
before staining the smears. The present methods of preservation were made practical by 
the observation that PVA films are permeable to all commonly employed staining reagents. 
This makes it possible to stain dried PVA smears in the same manner as smears fi.ved by 
conventional methods with Schaudinn's fixative. 

Inasmuch as critically stained organisms were desired, the long Heidenham iron-hetoa- 
toxylin procedure usually was employed. Diagnostically satisfactory preparations were ob- 
tained by more rapid staining procedures such as the ones proposed by Tompkins and Miller^ 
and Goldman.8 Delafield’s hematoxjlin was used in some instances, as m staining Paramecium. 
In all of the staining procedures, dried films were first placed in 70 per cent alcohol containing 
iodine for ten minutes or longer in order to remove mercuric chloride crystals. 

Ordinarily, if the PVA film on a slide is thoroughly dried before being stained it 
adheres perfectly. In rare instances, for reasons not entirely understood, films may wrinkle 
around the edge or in the middle and show a tendency to slip off the slide during prolonged 
exposure to aqueous solutions. This tendency may l>e minimized by preparing relatively 
thin, rectangular smears. To prevent the loss of a wrinkling film, the slide may be placed 
in. the incubator in a horizontal position and allowed to dry before continuation of the 
staining process. 

In order to test the effect of drying organisms in PVA films, such films weie thoroughly 
dried (over three hours at 37® C.) after each of the different stops in the iron-hematoxylin 
procedure. After each interruption, the slides were placed in the next solution and the 
staining was completed in the usual manner. Only those slides wore unsatisfactory which 
were dried after removal from the graded alcohols during dehydration. Therefore, contrary 
to the usual direction never to allow fecal smears to dry during the staining procedure, in the 
PVA-fixativo technique no particular harm is done at most of the steps. 

•Polj-vmyl alcohol is marketed under the trade name of EK-anol in various grades repre- 
senting degrees of polymerization and hydrolysis. The product used in this study was EU-anol 
00-23 obtained from E. I. du Pont do Nemours and Co.. Blectrochcmlcals Department. 'Wilming- 
ton OS. Del. This does not represent an endorsement of the product by the Public Health 
Service. 
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OBSERVATIONS AND DISCUSSION 

No differences have been observed between organisms stained after preserva- 
tion with PVA-fixative and those stained after usual methods of Sehaudinn 
fixation, Nuelear details and ej'toplasmic inclusions are clearly defined. Eapid 
and complete fixation apparently occurs, since many trophozoites exhibit pro- 
truding pseudopods. 

One distinct advantage of PVA-fixative is that it makes possible successful 
staining of organisms in liquid specimens. Anyone who has ever attempted to 
prepare permanent stained mounts of protozoa in cultures, watery stools, or 
pond water has experienced the difficulty of retaining organisms on the slide 
during staining procedures. When PVA-fixative is used, it serves to adhere 
as well as to preserve the organisms and prevents their loss during staining. 
Stained slides containing many organisms have been made from the following 
liquid specimens: diarrheic stools and liquid overlay of cultures containing 
trophozoites of E. Mstohjtica (Figs. 1 and 2) ; loose stools containing tropho- 
zoites of E. coli (Fig. 3), loclamoeba huefscJdii (Fig. 4), E. nana (Fig. 5), 
D. f)-agilis (Fig. 6), and G. Imnblia (Fig. 7); cultures and pond water contain- 
ing Paramecium (Fig. 8) and other protozoa; and tap water containing hatched 
miracidia of Schistosoma ^nansoni (Fig. 9). The only other way known to the 
authors to stain consistently large numbers of organisms in such specimens is 
the bulk centrifuge method, employing test tubes. However, the PVA-fixative 
technique is considerably simpler, particularly when only a few slides are to 
be prepared. 

The technique is also useful for preserving interesting specimens or teach- 
ing materials for sulisequent staining. A variety of organisms have been pre- 
served in liquid fixative and in dried films for about a year without showing 
any changes when stained. Of particular interest is a specimen of aspirated 
material from an amoebic lung abscess preserved in a vial wdth PVA-fixative 
(Pig. 10). 

At present PVA-fixative cannot be recommended unreservedly for preserv- 
ing specimens containing cysts. Larger cysts are frequently distorted, appar- 
ently during drying of the PVA film. However, in specimens containing many 
cysts, enough of them with distinct characteristics are usually present to insure 
correct identification. Occasionally, exceptionally good preparations are ob- 
tained even of E. coli (Pig. 11) and I. bvetschlii (Fig. 12) cysts. Smaller cysts 
such as G. la^nblia (Fig. 13) and E. nana (Fig. 14) arc usually not adversely 
affected. As would be expected, staining PVA-fixative films is not an efficient 
technique for diagnosing helminth eggs. 

In general, stool specimens containing cysts and eggs are best examined 
in wet mounts prepared either directly from the specimens or followdng a con- 
centration procedure. In such mounts the refractive appearance of unstained 
cysts and eggs makes them relatively easy to detect with a low-power objective. 
Helminth eggs and some cysts usually can be diagnosed in temporary mounts 
of PVA-fixed specimens, but the fixative destroys the refractivene.ss of the or- 
ganisms and rondel’s them more difficult to find and identify. 
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Fig. 1 — E. histohjtxcn trophozoite from diarrhcic stool. Note protnuUne psoudopoclia. 

Fig. — h'. /iistolyfica trophozoite from liquid overlay of a culture 

Fig. 3. — E. coh ttophozoUe fiom loose stool 

Fig. 4. — J. hiietschlii trophozoite from loose stool. 

Fig. 5. — E. itnun trophozoite from loose stool 
Fig. 6. — D. frnpiha trophozoite from loose stool 
Fig. 7. — G. Inxnhlia trophozoite from loose stool. 

(All photographs are of organisms stained in PYA-flxative films. Except as indicated 
films were stained by the long Heidcnhaln Iron-hcmatoxylm procedure and were photographed 
at a magnification of 1,125 diameters.) 
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Kip. h. — sj). from hay culture. Note juicronuclci. (Dclaflt'Itl’s heina,- 

toxylln. 

I'iR. 9. — S. moihsotii iniraci«liu!n from la|» %vator. (Iron-hC‘matoxvUn (Goldman, 1049]. 
XoOO.) 

FIr. 10. — E. Iiistnliitnn trophozoite from Urns ahscess. 

Kif;. 11. — E. coh cysts from i^tool. Woi^icrt’s copper chtome proceduie. 

Fip. 12. — /. cyst from stool. 

FIC, 13. — G. lamhhrt ev.^Jt from stool. 

FiB. 14. — luntrt cyst from .stool. 

(All photographs an- of organisms stained In PVA-ll.xativc nim.s. Except 
Aims wore stained by the long Heldenhain iron-hematoxylin procedure and were photograpneu 
at a magnlflcatlon of 1,125 diameters.) 
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Although the PVA-fixative technique might be applied to the study of 
many different types of organisms, it has been developed primarily to assist 
the public health laboratorj' in securing diarrhcic, dysenteric, purged, and 
proctoscopic specimens in a satisfactory condition for diagnosis of amoebiasis. 
The methods described in this repmispan be adapted easily to this need. For 
submitting stool specimens, small viamSX15 ml. capacity), two-thirds full of 
PVA-fixativo, can be distributed to physicians in the same manner that vials 
containing other preservatives are supplied. Since the PVA-fixative technique 
is not a good method for diagnosing cysts and eggs, the physician should also 
be supplied with a vial containing no presen’ative. He should be instructed 
to place approximately 4 ml. portions of fresh liquid or formed stool in each 
vial and to mix the specimen thoroughly in the \nal containing fixative. 

With the two-vial method of submitting specimens, a variety of para- 
sitological techniques can be performed and demonstrations of protozoa and 
helminths can be made regardless of their stage of development. For example, 
tlie vial containing PVA-fixativc will furnish material for many smears which 
can be stained and examined for trophozoites and cysts of amoebae and other 
intestinal protozoa. The vial containing no preservative will furnish material 
for such gross examinations as consistency of stool, blood, mucus, portions of 
adult worms, etc.; for microscopic examination of temporarj- mounts (saline 
and iodine) for protozoan cysts and helminth eggs and laivae; and for con- 
centration procedures for cysts and eggs. 

The expense involved in preparing PVA-fixativc is nominal. One pound 
of PVA costs loss than a dollar and is sufficient to make enough fixative to fill 
a thousand 15 ml. vials approximately two-thirds full. Other ingredients of the 
fixative — mercuric chloride, ethyl alcohol, acetic acid, and glycerine — are stand- 
ard laboratory reagents. 

SUMMARY 

1. IMcthods arc described for the use of polyvinyl alcohol (PVA)-fixative 
as a preservative for intestinal protozoa and other parasitic and free-living 
organisms. 

2. Organisms so preserved will remain suitable for staining for several 
months. Best results are obtained with amoebic trophozoites which are other- 
wise difficult to preserve. 

3. In addition to its preservative action, PVA-fixativc acts as an adhesive 
to prevent loss of organisms from smears during staining procedures. 

4. The technique has been developed primarily to aid in the diagnosis of 
amoebiasis and is readily adapted to this need. A two-vial method for shipping 
stool specimens is suggested which would enable the laboratory to recover all 
diagnostic stages of the intestinal parasites. 
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DESIGN OF A PUMP SUITABLE FOE BLOOD 


AnuAiiAii Saltzjian, JI.D., and Stephan S. Rosenak, JI.D. 

New York, N. Y. 

T here has l)cen a need in cxpcTimcntal medicine and tlierapeutics for a 
pum]) that could convey blood under sterile conditions without hemolysis, 
acceleration of the clotting process, or introduction of pyrogens. Our special 
interest has been in a pump wliicli will bring the blood of a human subject 
from a vein to a dialysis apparatus for the removal of products of uremia at 
variable and appropriate rales. Recently, a number of types of extracorporeal 
])lood dialyzers have been made, some of which utilize pumps of various designs. 
However, none of these completely satisfies all of the above-mentioned require- 
ments. Tlic various dialyzing i)rocediircs for the treatment of uremia, in 
relation to dietary and other measures, have been the subject of a comprehen- 
sive review by Snapper.' Do Leeuw and BlaustciiP and Vanatta, iluirhead, 
and Grollman® have noted that the Bcek pump, which forms an integral part 
of the original Kolff “artificial kidney,” and serves to return blood from the 
dialyzer to the vein of the patient, itself produces hemolysis of the blood 
circulating through it. Vanatta and co-workers liavo eliminated, therefore, 
the use of the pump for this purpose and were able to substitute gravity for 
the return of the blood. 

In the following report a simple pump will be described that meets our 
stringent requirements rather well. In this apparatus there arc no valves, 
close-fitting, or metal parts in contact with the blood. Dead spaces where the 
current moves slowly are eliminated and air bubbles arc not introduced. A 
self-regulating pressure principle provides safely for tlie cellophane tubing in 
the dialysis apparatus proper, and sterility is accomidished by autoclaving. 

In principle the pump consists of a Tygon tube of suitable wall thickness 
and diameter whicli h compressed in a wave-like motion by a scries of twelve 
keys that push the column of fluid ahead. Behind the crest of the wave, the 
plastic tubing expands by its own resiliency to fill up again. The baflle plate 
against which the tubing is compressed is adjusted so that the compression of 
the tubing is incomplete. Pumping will then cease at a predetermined pressure 
if increased resistance in the oiitcr circuit causes that pressure to be attained. 
Furthermore, tlie compression of the tubing is largely performed hy one 
elevated edge of the key rather than by a fiat surface, reducing thereby the 
area in which mechanical trauma may occur. 

In the apparatus (Fig. 1) a constant-speed electric motor with a gear 
device drives a screw-shaped series of twelve rings on an axle. The rings elevate 
a series of twelve keys to create pressure on the tubing. The rings are evenly 
spaced at intervals to form one complete sine wave. The amplitude of the 
wave can he limited by restricting the extent of motion of the keys. Tlie 

From the Uiological Service ot Dr. G. D. Oppenheitner ami the Laboratories of the Mount 
Sinai Hospital. 
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Inbing lies between the keys and the adjustable plastic baffle. In usage, tlie 
tubing is autoclaved and placed on the keys and the baffle is fastened on top. 
I'he baffle can be .set for complete compression of the tubing, with the attain- 
ment of jn-essures avcU over 300 mm. Hg. By loosening the set screws, the 
baffle can be adjusted to alknv leakage at any intermediate pre.ssure. 



Fi?. 1. — Cross-section tliagram of piimp. Compression inconiplete at hciplit of wave. 



2. — nclatioiisbip between output and pressure within the system. 


In Fig. 2 the inverse relalionsliip between output and pressure within the 
sy.stem is shown in an experiment in which the haffle was regulated to have 
pumping stop at about 200 mm. Ilg. The increase in pressure within the 
output or arterial side of the sy.stem is attained b 3 ' increased peripheral resist- 
ance. Increased resistance on the suction or venous side of the pump would 
have the same effect of lowering the output of the pump. Bj' limiting the 
maximal prc.?sure, the cello])hanc tubing used in dialysis can bo safely guarded 
auaiiist undue stress wlu<’h can result in breakage. 
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Outputs of from 1 to 18 liters per hour were obtained by varying tlic 
stroke volume and the diameter of the tubing used in the model at hand. Tlie 
output remained constant as long as the peripheral resistance was unchanged. 

The pump in the Kolff “artificial kidney” has rollers tliat create shearing 
stresses in the tubing and provide a large area for mechanical trauma. In the 
apparatus described in this report no shearing motion is possible since the keys 
can move only in the vertical plane. The rate of hemolysis of the blood re- 
circulated through a closed circle of tubing of 20 ml.^ volume at 37° C. was 
determined with the pump herein described. Since hemolysis was not'observed 
with normal blood, freshly draum heparinized blood from a patient in uremia 
(urea N 148 mg. per cent) was taken for testing. The rate of blood flow was 
125 ml. per minute and the maximum pressure attainable was set at 220 mm. 
Hg. Absolutely no hemolysis was discernible after 12 minutes (72 circuits of 
the blood). In IS minutes of X'ecirculation of the blood (108 circuits) a very 
faint trace and in 24 minutes (144 circuits) a faint trace of hemolysis ap- 
peared. Since about 50 circuits of the blood volume through our pump and 
dialyzer is the maximum recirculation to be expected, the mechanical trauma 
to the blood by the pump is negligible. 

In summary, a pump is described that conveys blood under sterile precau- 
tions ■without hemolysis for 72 circuits of the blood volume, It is without 
valves, contains no dead space, and pi’ovides safety when coupled to a cello- 
phane tube dialyzer by ceasing to pump at predetennined pressures 

The cooperation of Mr. G. J. Pr.ank, Jr., and Mr. J. C. itarsh of the Marsh 
Laboratory, Pittsburgh, Pa., is gratefully acknowledged. 
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Tabi.k I. Pheopeuativk AKr> Postoperative Cui.tukes, Intestinal Flora, and CoLipORit 

Counts 



O^GA^■ISMS 

INITIAL 1 

CULTURE 1 

rnKOPERATIVE 

CULTURE 

1 FINAL CULTURE 

I (EXCISED COLON 

1 TISSUE) 


Stapliylococcus allius 

-t- 

0 

0 


Piphthcroid bacilli 

r 

+ 

0 


Xonliemolytic streptococcus 

-i- 

+ 

0 

Case 1 

Alpha hemolytic streptococcus 

-i- 

+ 

0 

(Patient 

Bacillus niucosus capsulatus 

+ 

0 

0 

R. I.) 

Escherichia coli 


0 

0 


Aorobaeter aerogenes 

■h 

4. 

0 


Bacillus pyocyaneus 

+ 

•f 

0 


Preoperative day 10 

9 8 7 

6 5 4 

3 2 1 


Coliform count/gram 
of feces 

10,000 


0 0 0 


Staphylococcus albus 

+ 

+ 

0 


Alpha homol.’i'tic streptococcus 

r 

0 

0 


Alpha hemolytic streptococcus 
(enterococcus tj-pe) 


■f 

0 


Bacillus pyocyaneus 

+ 


0 

Case 2 

Escherichia coli 

4* 

0 

0 

(Patient 

Proteus vulgaris 

+ 

0 

0 

W. 0.) 

Bacillus mucosus capsulatus 


0 

0 


Jtonilia albicans 


0 

+ 


Diplitheroid bacilli 


0 

+ 


Bacillus subtilis 


+ 

0 


Prooperativc day 13 

12 10 9 

8 7 0 

3 2 0 


Coliform count/gram 
of feces 10,000 

12,000 

30,000 

5,500 0 


tinal antiseptic tlievapy. Armed with this information in advance, it shonld 
be possible to give systemic or topical treatment with greater speed and 
specificity for an infection which might develop from the colon after opera- 
tion. Because of the rapid development of resistance of certain organisms 
to streptomycin, it was decided to refrain from using it as an intestinal anti- 
septic but to reserve it for later u.se in case infection developed. 

Cultures of colon contents ivcrc obtnineci tlirougli the distal limb of the colostomy. A 
sterilo rubber tube uas inserted as far into tlie bowel as possible and a long slender pipette 
passed through thi.s tube was used to aspirate colonic juice. All cultures wore planted on 
blood agar plates and inoculated into 6.0 c.c. of beef heart infusion broth enriched with 
sheeps’ blood and fortified with 5.0 mg. per cent of para-aminobonzoic acid, each inoculation 
consisting of a 2 mm. platinum wire loopful of the juice. Tubes of chopped meat media 
fortified with infusion brotli and sealed with petroleum jelly and paraffin wore used for 
anaerobic cultures. Coliforin counts were done by a modification of tlic streak method de- 
scribed by Poth.r 

Cultures of feces were taken on the day the colostomies wore opened and arc shown m 
Table I. Colostomy and rectal enemas and instillations of 25 per cent magnesium sulfate 
.‘■en-cd to clean out the isolated loop.' of colon. Patients were given a low residue diet and 
vitamin K parentcrally. 

In order to get a roiigii idea of the sensitivity of the intestinal flora upon which to 
base antibiotic therapy, Idood agar plates were inoculated witli swab cultures of the feces and 
tested by a filter paper disk contact method for sensitivity to aureomycin and cliloromycctin. 


'.V (li.^cuEsion of this method will be the subject of a separate report. 
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each "Warburg manometric vessel contained 0.02 ml. of cells and 3.0 ml. of 
0.025^1 sodium bicarbonate containing 0.0342M magnesium chloride. In each 
instance the substrate vas recrystallizcd acetylcholine bromide in a final con- 
centration of 0.015M. The enzjTnc was tipped from the side aiin after ten 
minutes of equilibration with 5 per cent carbon dioxide in nitrogen, llanometric 
readings were taken over a forty-minute period, the temperature being main- 
tained at 38° C, The electrometric procedure was carried out as described here, 
the temperature of the reaction being 25° C. 

The mean value of the cholincstcraso activity by the electrometric method 
was 0.703 A pH per hour for plasma and 0.753 A pH per hour for red cells. The 
corresponding values by the manometric method were 22G.0 microliters per hour 
for plasma and 253.0 microliters per hour for red cells. Relative actmties were 
calculated for both methods by dividing individual activities by the appropriate 
mean values. The differences between the relative activities determined by the 
electrometric method and the corresponding relative activities by the manometric 
method were calculated. The standard deviation of the differences was 5.49 
per cent for plasma eholinostei*asc and 5.50 per cent for red cell cholihcstcrase. 

iVonfi« 2 y?Hah'c Hydrolysis Correction . — The nonenzymatic hydrolysis correc- 
tion, h, was determined by mcasuiing the pll change with time in solutions con- 
taining buffer, acetylcholine, and inhibited cliolinostcrasc. Diisopropyl fiuoro- 
phosphito (DFP) (10 ^g per milliliter of diluted colls or plasma) was used to 
inhibit the cholinesterase. The pH was determined at intervals of several hours 
and h was then calculated by subtracting the observed pll from 8.00 and divid- 
ing by the time in hours. 

A slow lowering of pH occurs in the solution of the buffer and enz^Tne in 
the absence of substrate and is included in the h correction. 

Correction Factor f . — The values for the correction f, given in Table I, are 
based on samples taken from ten subjects. To determine the values, actiWty 
measurements were made ns described in the Methods section, but pTi readings 
were taken successively on each sample at approximately ten-minuto intervals 
over the pH range from 8,00 to 6.00. The value of / at pH 7.00 was arbitrarily 
set equal to 1.00. Using Equation 1, the values of / were calculated for the 
selected pH range. 

DISCUSSION 

The advantages of the cleetrometric pH method are simplicity, a require- 
ment for a minimum of equipment, and the possibility of doing a large number 
of determinations in a relatively short time. The pll readings may be made 
easily in a time of one minute for each sample. It is therefore possible to do a 
large scries of determinations in a few hours by adding tlie substrate to the 
samples at one-minute intciwals. 

After this method had been developed, a similar procedure by Croxatto and 
associates' was found in which rate of pll change is used as a measure of scrum 
cholinesterase activity, the pll being measured colorimctrically in a Pulfrich 
photometer. This method is applicable only to relatively uncolored solutions. 
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SU31M-VRY 

1. An electrometric method lor plasma and red cell cholinesterase activity 
is presented in which the enzymatic release of acetic acid from acetylcholine is 
measured in units of pH change per hour, in a solution of standard buffer 
capacity. 

2. The method has been compared until the standard manoinetric procedure. 
The standard deviation of the differences between the methods was 5.49 per cent 
for plasma choline-sterase and 5.50 per cent for red blood cell cholinesterase. 

Tl)e author ivi.<!hcs to tliauk Mr. P. Zvirblis and Mrs. P. D. McNamara for their as- 
sistance in. fills work. 
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STERILIZATION OF DEFUNCTION^VLIZED LOOPS OF COLON IN 
PREPARATION FOR ANASTOMOSIS WITH OTHER VISCERA 


A ^Ietiiod of Study and jVpfropriate Selection of 
Antibacterial Agents 

Chester AY. Howe, AI.D. 

Boston, AIass. 

I N ADMINISTERING intestinal antiseptics for surgery of the large bowel 
a reduction of the bacterial count of the feces, timed to be at a maximum 
on the day of operation, is desirable. Two patients were recently treated with 
a combination of antibiotic and chemotherapeutic agents to prepare the colon 
for anastomosis with other \dsccra. At operation full thickness segments of 
colon approximately 1.0 cm. square wore excised from the operative site for 
aerobic and anaerobic bactcriologic cultures. In the first case the cultures 
revealed no growth. Forty-eight hour cultures from the second case were 
sterile, hut at the end of seventy-two houi*s rare colonies of il/o)u7ia albicans 
and diphtheroid bacilli were recovered. All organisms in the pretreatment 
cultures of colonic contents, which showed the usual profuse mixed intestinal 
flora, were absent (Table I). 

Tho first patient (R. I.) was a Cl-ycar-old man with recurrent obstructing carcinoma of 
the esophagus folloning a prerious transthoracic resection at which time an extremely short 
jojunal mesentery was noted. After preliminary gastrostomy for the obstruction, a right 
transverse colostomy was done to facilitate the preparation of his bowel. On April 13, 1949, 
Dr. R. II. Smithwick did a transthoracic resection of the recurrent carcinoma and because 
tho short jejunal mosontcry precluded an esophagojejunostomy, the transverse colon was used 
for an csophagocolostomy. At a second stage the continuity of the gastrointestinal tract 
was re-established, leaving a transplanted segment of colon within the thoracic cavity. 

The second patient (W. 0.) was a C4-year-old man with carcinoma of the anterior wall 
of the rectum. During a preliminary cystoscopy the instrument was inadvertently passed 
through tho posterior urethra into the rectum tlirough tho carcinomatous mass. Because of 
this a transverse colostomy was done the same day and it later proved useful in preparing 
tho bowel for surgery. On May 2G, 1949, a resection of the rectum, bladder, prostate, seminal 
vesicles, and posterior urethra with uretero-intcstinal anastomosis w’as done. 

Both of these cases will be reported fully at a later date, but the une.xpccted bac- 
tcriologic findings have prompted this preliminary report on the method used for study and 
preparation of the bowel. 

PLAN OF STUDY AND ANTIBACTERIAL TREATMENT 

Therapy was planned to secure reduction in the flora of the colon, timed 
to be maximal on the day of operation. The choice of antibiotic agents was 
guided by the sensitivity of the intestinal flora in each instance. Cultures 
taken just before operation were used to work out the sensitivities to various 
antibiotics of the organisms remaining in the colon as changed by the intes- 

From the Surgical Ser\’lce and the Smithwick Foundation, Massachusetts Memorial 
Hospitals, and the Department of Surgery, Boston University School of Medicine. 
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TABI.K I. PHEOPEUATIVK AKD POSTOPERATIVE Cul.TI!KES, IXTF.STIN'AL FI.ORA, AND COI.IFORSt 

COIIXTS 



O^GA^'ISMS 

INITIAL 

CULTUKE 

rnKOPERATIVE 

CULTUKE 

1 FINAI. CULTURE 
(EXCISED COLON 

1 TISSUE) 


Stapliylococcus allms 

i- 

0 

0 


Piphthcroid bacilli 

r 

+ 

0 


Xonliemolytic streptococcus 

-i- 

+ 

0 

Case 1 

Alpha hemolytic streptococcus 

-t- 

+ 

0 

(Patient 

Bacillus mucosus capsulatus 

+ 

0 

0 

K. I.) 

Escherichia coli 


0 

0 


Aerobacter aerogenes 

f 

4. 

0 


Bacillus pyocyaneus 

+ 

•f 

0 


Preoperative day 10 

9 8 7 

6 5 4 

3 2 1 


Coliform count/gram 
of feces 

10,000 


0 0 0 


Stapliylococcus albus 

-f 

+ 

0 


Alpha hemolWic streptococcus 

r 

0 

0 


Alpha hcmolytie streptococcus 
(enterococcus tj-po) 


■f 

0 


Bacillus pyocyaneus 

+ 


0 

Case 2 

Escherichia coli 


0 

0 

(Patient 

Proteus vulgaris 

•h 

0 

0 

W. 0.) 

Bacillus mucosus capsulatus 

-f 

0 

0 


Jtonilia albicans 


0 

+ 


Diphtheroid bacilli 


0 

+ 


Bacillus subtilis 


+ 

0 


Preoperative day 13 

12 10 9 

8 7 0 

3 2 0 


Coliform count/gram 

of fccc.s 10,000 

12,000 

30,000 

5,500 0 


tinal antiseptic therapj'. Armed rvith this information in advance, it should 
be possible to give systemic or topical treatment with greater speed and 
specificity for an infection which might develop from the colon after opera- 
tion. Because of the rapid development of resistance of certain organisms 
to streptomycin, it was decided to refrain from using it as an intestinal anti- 
septic but to reserve it for later mse in case infection developed. 

Cultures of colon contents were oljtninecl tlirougli tlic distal limb of tlie colostomy, -'l- 
sterilo rubber tube uas inserted as far into tlic I)owel as possible and a long slender pipette 
passed througii tln.s tube was used to aspirate colonic juice. All cultures wore planted on 
blood agar plates and inoculated into 6.0 c.c, of beef heart infusion broth enriched with 
sheeps’ blood and fortified with 5.0 mg. per cent of para-aminobenzoic acid, cacli inoculation 
consisting of a 2 nim. platinum wire loopful of the juice. Tubes of chopped meat media 
fortified with infusion brotli and sealed with petroleum jelly and paraffin wore used for 
anaerobic cultures. Coliforra counts were done by a modification of tlic streak method de- 
scribed by Potli.r 

Cultures of feces were taken on the day the colostomies were opened and arc shown in 
Table I. Colostomy and rectal enemas and instillations of 25 per cent magnesium sulfate 
sen'cd to clean out the isolated loop.' of colon. Patients were given a low residue diet and 
vitamin K pareiitcrally. 

lu order to get a roiigli idea of the sensitivity of the intestinal flora upon which to 
base antibiotic therapy, blood agar plates were inoculated with swab cultures of the feces and 
tested by a filter paper disk contact method for sen.sitivity to aureomycin and clilorotnycctin. 


'.V (li.^cussion of tliis nictlioil will be the subject of a separate report. 
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Twenty-four hour broth cultures diluted 10-c were also tested bj* a serial dilution technique 
against these sarae two antibiotics xvith the idea of using the most appropriate one as in- 
dicated by these sensitivities. The chosen antibiotic was given together xnth Sulfathaladine ns 
an intestinal antiseptic. It was hoped that this combination would be effective against both 
gram-negative and gram-positive organisms. The results of these and the subsequent sensi- 
tivity tests arc indicated in Table 11. In the presence of an enterostomy or diarrhea or when 
enemas or purgatii’cs are to be used, Sulfathaladine is preferable to Sulfasuxidine because 
of its greater bacteriostatic aethdtyi and therefore it xras chosen in these cases. For the 
first patient (R. I.) Chloromycetin was selected rather than aureomycin because, although 
the flora «as within range of sensitivity to both antibiotics, aureomycin would have been 
more likely to cause nausea and the patient uas in precarious fluid and electrolyte balance. 
Inasmuch as Chloromycetin ivas also xx-ithin the effective range of sensitivity, it was selected 
to bo given with the Sulfathaladine. In the second patient (W. 0.) the flora xxas xvithin 
the range of sensitivilj* to both antibiotics so aureomycin was selected because it was more 
readily available. Administration of the chosen agents xras then started via all available 
routes. Largo doses were given as colostomj* and rectal irrigations, and also, because of the 
possibility of “spill over’* coutarainatiou from the proximal colostomy loop, these drugs 
were given through the gastrostomy and by mouth as well. Table III indicates the dosage 
and routes of administration of the x-arious agents. 

On the third day before operation, cultures from the colonic juice were obtained to work 
out tho sensitivities of each remaining organism as changed by a period of therapy in order 
to better cope with infection, sliould it occur (Tabic II). 

On tho second or first preoperative day it xras desired to administer prophylactic peni- 
cillin and since Poth and co-xvorkers* hare shoxvn a definite penicillin-SulfathaladiDO an- 
tagonism affecting certain gram-negatiro organisms, the Sulfathaladine xx'as discontinued and 
Sulfasuxidine xx‘as substituted. This allowed the unimpeded action of penicillin for the last 
one or two days before operation after hax'ing taken advantage of the superior action of 
Sulfathaladine during the major part of the preparation. Intramuscular penicillin was then 
started, and to tho first patient (It. I.) penicillin aerosol and lozenges also were given in an 
attempt to cut down the gram-positive flora in the nasopharyn.x, throat, and esophagus. 

The daily dose of Sulfathaladine and Sulfasu.xidine was crushed and suspended in 
saline in xvhich the antibiotic had been dissolved. This was then instilled into the colos- 
tomies, gastrostomy, and rectum in equally divided doses at G and 30 A.ir. and 2, 6, and 10 
r.M., the volume of each instillation being about 300 to 200 cubic centimeters. The last day’s 
dose xvas dispensed in a very small volume (10 c.c. for each instillation) so that the bowel 
xx'ould be dry at operation. Oral medications xvere gix-en in equally divided doses on the 
same schedule. 

The following is a siiiniiiary of the plan of study and treatment in outline 
form. 

1. Reserve streptomycin for later n.sc if infection should develop. 

2. After the colostomy is open, culture the transverse colon. Test the 
mixed cultures for sensitivity against available antibiotics suitable for oral 
administration. 

3. Give colostomy and rectal enemas and magnesium sulfate instillations 
until the bowel is clean; then use appropriate antibiotic agent along with 
Sulfathaladine for instillations into the boxvel, 

4. Three days before operation, culture the mid-colon and work out 
sensitivities of the constituents of the flora as now altered by therapy to 
various antibiotics. 

5. Two days before operation, omit Sulfathaladine and substitute Sulfa- 
siLxidiue. Start intramuscular penicillin, penicillin aerosol, and penicillin 
lozenges. 
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DISCUSSION 

When a culture is taken from a bowel being prepared with intestinal anti- 
septics, some of the antiseptic agent is transferred to the media along with 
the bacteria and might prevent growth of viable organisms. This is particu- 
larly true on solid media and perhaps less so in liquid media. The cultures 
referred to in Table II are broth cultures and since the media contained para- 
aminobenzoic acid which inhibits the sulfonamides, it is unlikely that the 
small amounts of Sulfathaladine or Sulfasuxidine transferred to the broth 
had any bactericidal action. Witlr the doses of ehloromj'cctin and aureo- 
mycin employed, it would seem likelj' that these antibiotics were diluted be- 
yond their effective bactericidal concentration by the broth. Objections 
grounded on the transfer of antibacterial agents to the media are largely 
theoretical because contamination in the operative field would likewise trans- 
fer .such bactericidal amounts of these agents. It would therefore appear that 
a practiccal if not absolute sterilization of the colon has been achieved. It is 
possible that the appearance of rare colonies of Mojiilia alhicans and diph- 
theroids in the seventy-two hour culture of the second case represents contam- 
ination inasmuch as the bacteria did not grow in the original cultures. It 
is hoped that this tjq)e of preparation of the bowel may further reduce the 
risk of infection and perhaps extend the scope of the surgical usefulness of 
the colon. 

When tested by the serial dilution technique, the mixed flora in the cases 
reported here were sensitive to concentrations of Chloromycetin and aureo- 
mycin i-anging from 1.5 gamma per cubic centimeter to 6.25 gamma per cubic 
centimeter. However, preliminary data being collected by Hewitt^ would 
seem to indicate that some organisms commonly encountered in the gastro- 
intestinal tract are resistant to much higher levels, especially the Pseudomonas 
group in which many strains are resistant to 50 gamma per cubic centimeter 
or more. The effective sensitivities for aureomycin are more difficult to de- 
termine because this drug is quite unstable and is affected by a variety of 
substances and media.'* With a twenty-four hour serial dilution sensitivity 
technique the values seem to approximate those of ehloromj'cetin, the Pseudo- 
monas again being relatively resistant. 

The technique described for faking cultures from the colon with a pipette 
pa.ssed through a rubber tube is not satisfactory. The appaimtus cannot be 
manipulated far enough into the colon and contaminants are carried inward 
from the presenting stoma of the colo.stomy. It is probable that the anti- 
bacterial effect deep within the limb of the colon where there is puddling of 
the solution is greater than in the segment than can be reached by this tech- 
nique. Other methods are being studied. 

Because no infection developed in these patients it was not necessary to 
use the information gained from the preoperative cultures and sensitivity 
studies. It is believed that such advance information would make possible a 
more rapid and intelligent choice of antibacterial agents. This is especially 
true in extensive operations involving potential contamination of areas par- 
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tieularly vulnerable to infection, such as retroperitoneal spaces and the 
thoracic cavity, from ■which cultures ennnot he obtained postopei’atii’cly initil 
infection has been established and drained. 


CONCLUSIONS 

A plan of study and antibacterhil tre«afinent for preparation of the colon 
for surgery is described. 

In one patient thus prepared, a seventy-two hour broth culture of an ex- 
cised segment of colon taken from the operative site j'ielded no growth. In a 
second patient, rare colonies of Monilia albicans and diphtheroids were rccov’- 
ered, but all of the original intestinal organisms were absent. 


KEFERENCES 

1. Poth, E. J.: Suceinylsulfat}iia«oIc and Plttlialylsulfathiazolc in Surgery of the Coloji, 

Surgery 17: 773, 1945. 

2. Path, E. J., Wise, R. L, and Slatterv, AT. P.: PcnicilHn-PhthalylsulfathiazcIe An- 

G...., — oo: 147, 1940. 

3. :omrau«ication. 

4. , A., and Welch, H.: B.acteriological Studies of Aurcomycin, 

Ann. New York Acad. Sc. 51: 211, 1948. 



A TECHNIQUE FOR THE COLLECTION OF LYSIPH FROM 
THE RIGHT THORACIC DUCT IN DOGS 


Rohrrt Paixk, jM.D.,* Harvey R. Butcher, jM.D., Frank A. Howard, A.B., 

AND John R, Smith, jM.D. 

St. Louis, ilo. 

S TUDIES of ex])crimenlal ptilmoiiavy edema have lieeii frequently liancli- 
oapped by the lack of a method for the detection of edema in intact and 
functioning lungs, particularly when the transudation was occult or of low 
intensity. In their studies of pulmonary lymph, Drinker and associates’’ - 
noted that the flow of lymph from the lungs was increased when congestion 
was induced. AYc have reeentlj’ investigated the outflow of Ijunph from the 
lungs in relation to congestion and edema of the pulmonary tissue from ex- 
perimental heart failure.^ Tliese observations have indicated that the pro- 
duction of lung lymph is always increased with pulmonary engorgement and 
edema, and that the quantity of flow is greater with more intense grades of 
transudation. 

It has been shown’ that the pulmonary and cardiac lymph passes through 
l.vmph nodes lying along the superior vena cava. The fluid then courses from 
tliese nodes to the right subclavian vein through one or more lymphatics com- 
prising the right thoracic duct. In some animals, the pulmonary lymphatics 
jiass to the left, anastomosing with the thoracic duct or entering directly into 
the left subclavian vein. Drinker and co-workers’ have collected the pulmonary 
lymph by cannulation of the right thoracic duct. However, the procedure 
was so difficult as to be '‘accomplished satisfactorily in about one out of five 
animals.” In our experience, the cannulation technique has had serious 
drawbacks. In many animals, the lymphatics were found to be too small to 
eannulate. In others, cannulation was successful but the lymph failed to flow 
because of mechanical obstruction by the cannula. 

AVe have employed a simple method for the collection and measurement 
of right thoracic duct lymph which avoids the pitfalls of minute lymphatics 
and possible artificial olistruetion of the vc.ssols by the mani]nilation. 

JIETIIOD 

The procedure is eurried out on dogs under Nen\butal anesthesia. To facilitate 
identification of the lymphatic, 10 c.c. of 1 per cent solution of Evans blue is iuPtilled 
into the lower part of the trachea through a glass tube. This tube may be introduced 
through a tracheotomy or through the glottis. A jieriod of ten minutes is allowed for the 
absorption of the dye into the pulmonary lymphatics. A longitudinal incision is made along 

From llie Cardiovascular Divi.sitm, Department of Aledicine, Wn.sliington Univcr.^ity School 
of ytedlclno, and ttic Oscar .Tolmson Institute. 
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the right external jugular vein extending to the pectoral muscles and the first rib. The 
lower end of the jugular vein is then dissected free and followed to its confluence with the 
axillary vein and the right subclavian vein'* (see Fig. 1). The subclavian vein, in its mid- 
portion, is in close apposition to the subclavian artery which arches up from beneath. 
Although there is considerable variation in the right lymphatic vessels, one or more 
lymphatics have been found in this area constantly, lying either across the ventral surface 
of the subclavian vein or between the arterj* and vein, arching upward from the deeper 
tissue. If dissection is first carried out in this field, location of the lymphatics requires a 
'ery short time; a tedious dissection is usually not necessary. 




Collection of the lung IjTuph is accomplished by incising the \essel with fine scissors, 
permitting the fluid to issue freely. The field is carefully wiped dry, and the lymph is 
then caught on small pledgets of absorbent cotton (10 to 20 mg. in weight) placed over the 
incised vessel for a measured time. In the properly executed dissection, where all bleeding 
has been controlled, the lymph is the only fluid absorbed by the cotton. Furthermore, the 
identity of the lymph is assured hy the bluish stain from the dye. ^Ye employ a Roller- 
Smith precision balance to facilitate rapid and accurate weighing of the pledgets. 

In normal anesthetized dogs, our method shows that the quantity of lymph from a 
right thoracic lymphatic vessel varies from 4 to 50 mg. a minute. Drinker and co-workers,*. - 
by cannulation of the liinphatic, find the flow to range from 3.7 to 59.4 mg. a minute. 
Wliile cannulation is extremely difficult, being unsuccessful in four out of five animals, tlie 
pledget technique in all hut rare instances is easily accomplished. 
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SUMSIARY 

Anatomic landmarks which facilitate the location of the right thoracic 
duct are described. By incision of the lymphatic vessel, the fluid is collected 
on weiglied cotton pledgets for controlled periods. The method has proved 
to be accurate and simple to cany out. 
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ABSTRACTS 


1. TIIK DYNAMICS OF COAGULATION 

J. Garrott Allen, il.D., Peter V. Moulder, ]^I.D. (By IsmTATiON), 
Daniel JI. Enerson, M.D. (By Invitation), and 
Donald Glotzer, B.S. (By Tn\ttation), 

Chicago, III. 

Spontaneous (?) bleeding in the presence of liemophilia, prothrombin de* 
ficiency, and over-heparinization is not explained by current knowledge or 
theories of coagulation. Presumably, blood could be extravasated under these 
conditions because (1) blood is less riscous and its surface tension altered, 
or (2) the continuity of the walls of the small vessels depends npon some 
continuing contribution from blood which is destroyed when the clotting 
process is delayed or inhibited. 

Measurements of surface tension and viscosity have shown no signiheant 
changes in hemophilia, prothrombin deficiency, or excessive heparinization. 
Transfusion of normal dogs, until hematocrit readings of 65 to 70 per eent 
were obtained, resulted in a considerable increase in viscosity and a decrease 
in surface tension, but these animals bled just as readily from prothrombin 
deficiency or over-heparinization as did imtransfused controls. The irradiated 
dog (450 r.) given sufiicient blood daily to maintain a hematocrit reading of 
70 per cent had similar changes in viscosity and surface tension and developed 
increased clotting time, thrombocytopenia, and hemorrhage. Anemia and 
hypoproteinemia produced by the daily withdrawal of blood in normal dogs 
reduced viscosity and increased surface tension but did not cause these animals 
to bleed or make them unduly susceptible to hemorrhage from Dicumarol or 
heparin. 

Data are presented which suggest that coagulation is a dynamic and 
protective process. The activity of prothrombin rapidly falls and may dis- 
appear entirely fourteen to twenty hours after hepatectomy. Fibrinogen 
concentrations decline in a similar manner, though less rapidly. That the 
removal of the liver is not necessary for the rapid decline of prothromliin 
is indicated by the rapid disappearance of transfused prothrombin in whole 
blood or fresh plasma. Apparently the turnover of prothrombin is rapid and 
nearly complete in twenty-four hours, and that of fibrinogen is only slightly 
longer (two to three days). The fate of these proteins is not kno^Nm. It is 
possible that fibrin is constantlj' fomed and is concerned with the maintenance 
of the integrity of the vascular wall, and that its formation consumes pro- 
thrombin. 
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ami winter of 1946-1947 showed ’’ against Newcastle virus 

in two instances (5.5 per cent). ■ ■ ' ' ■ ira from thirty-one eases 

of respiratory infection occurring in the autumn and winter of 1947-194S 
revealed antihemagglutinins in ten (32.2 per cent). Many true influenzal in- 
fections showed no antihcmagglutinins against Newcastle A'irus. The titer 
of Newca.stle antihemagglutinins was less than 1/100 in all but two instances. 
All but two of the same sera showed a higher titer of antihemagglutinins 
against some strain of influenza virus. 

Specimens of serum were collected in Se])tember, 1948, from 117 healthy 
medical students, largely Freshmen, who had come to St. Louis from various 
parts of the countiy. Of these specimens only one showed the presence of 
antihemagglutinins against Newcastle virus. 

From the excised lung tissue of a ease of vii-us jnieumonia which had been 
followed by chronic atelectasis of the right middle lobe, we apparently isolated 
a strain of Newcastle virus. The first series of embryonated eggs inoculated 
with the tissue showed hemagglutinins in the chorioallantoic fluid in the fourth 
and subsequent transfers. Chickens inoculated with this material developed 
symptoms similar to Newcastle disease. Virus was recovered from them. 
Known Newcastle antiserum neutralized hemagglutinins from egg fluid and 
chick tissue transfers. However, a second scries of eggs inoculated with the 
human lung tissue failed to give evidence of the presence of vims. The 
patient’s serum was not collected for te.sting until two months after the lobec- 
tomy. At this time it showed a liter of 1/40 against the strain of %urus isolated 
from the patient’s own lung tissue. It showed a mucli higher titer against 
a sti-ain of influenza virus. 

The finding of antibodies against Newcastle virus may mean an exposure 
to the virus or a nonspecific production of antibodies as a result of reactions to 
influenza and perhaps other viruses. Our findings do not exclude either 
possibility, 

6. PRELIMINARY NOTE ON THE EFFECT OF VITAMIN ON THE 
P.iUNFUL ASPECTS OF NUTRITIONAL NEUROPATHY 

WiLLiAsi B. Bean, JI.D., Murray Fr^vnklin, M.D. (By iNmTATiON), and 
Adolph L. Saiis, j\I.D. (By Invitation), Iowa City, Iowa 

The complexity of the relationship of specific vitamins or food factors to 
neuropathies which occur in nutritional deficiency states has increased with 
the discovery of new vitamins, particularly fractions of the B complex. 
Formerly it was believed that the neuropathy of beriberi was the re.sult of 
thiamine deprivation. This has been questioned repeatedl}^ without any clear 
light being tin-own on the specific compound or compounds whose relative 
or absolute deficiency gives rise to neuropathies. Furthermore, it is po.s.sible 
that nonspecific toxins or specific antivitamin or antienzyme factors may be 
coneerned. 

Because of this uncertainty and bccau.se vitamin B,- had succeeded in con- 
trolling manifestations of combined .sj'stem disease in pernicious anemia, wc 
tried vitamin Bj^ in three patients with painful neurological disturbances 
which followed nutritional deficiency or chronic alcoholism and in eleven 
])ei-sons with painful neurological disorders not apparently related to nutri- 
tional factoi-s. Two of the three patients were observed on a control diet poor 
in B complex vitamin factors for a week prior to administration of vitamin 
Bj- intramu.‘jcularly in a tlosc of 15 gamma, after injections of normal salt 
solution failed to produce any improvement. The third patient, an alcoholic 
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addict with diabetes, liad required narcotics for relief of pain. In these three 
instances, following the intramuscular administration of 15 gamma of B 12 , very 
dramatic relief of the pain occurred within thirty to sixty minutes. In the 
diabetic patient no further narcotics were required for pain during the hospital 
stay of two wcehs. In the others, pain gradually reappeared withiu three to 
five days and responded again but less dramatically to a second injection of 
vitamin B 12 . They were then taken off the control diet and fed a nutritious 
diet high in calories, protein, and vitamins and they continued to show im- 
provement. Eleven patients ■with brachial neuritis (two), multiple sclerosis 
(two), diabetic neuritis (two), tabes (one), trigeminal neuralgia (one), mono- 
cytic Icucemia (one), I'uptured disc (one), and alcoholic psychosis (one) were 
given similar injections of stenle saline and vitamin B 12 . In no instance was 
improvement induced, indicating absence of a sedative or analgesic effect for 
Bi 2 . Since nutritional neuropathies arc relatively uncommon in this hospital, 
it has not been possible to make more extensive observations. This pre- 
liminary report is presented that others may try out this compound in nutri- 
tional neuropathies. 

7. EFFECT OF COLD APPLICATION IN PATIENTS AYITH 
ANGINA PECTORIS 

Bernard Berman, M.D., Cincinnati, Ohio 
(Introduced by Johnson McGuire, hl.D.) 

Cold was applied to various body sites in patients with coronary arterio- 
sclerosis and angina of effort. Tlie clccti'oeardiographic changes and general 
body response were studied. 

One refrigerator ice cube, held in contact with the patient’s skin, was used 
in twenty patients with coronarj* aHei*io.sclcrosi.s and angina of effort. Tiie ice 
cube was applied to the following sites in different patients: anterior fore- 
arm (ulnar surface at the wrist), sides of the nose, clicst (region of the right 
nipple) , and the upper abdomen. In order to avoid local chilling of the heart, 
the prccordial region was not used as a site for the test. AYhile applying the 
ice cube to the nose, the external narcs were allowed to remain patent in some 
patients and occluded in others, in order to determine the effect of chilling 
the inspired air. 

Three patients with angina of effort showed a 1 mm. depression of the 
S-T segment in one or more of the limb leads following application of cold. 
One patient showed depression of the S-T segment in Lead I following applica- 
tion of cold to the right chest, although no pain was experienced at this time. 
Substernal pain followed application of cold to the nose for two minutes. 
There was prominent depression of the S-T segment in Leads I, II, III at this 
time. One patient experienced chest pain following application of cold to the 
nose and wrist for ten minutc.s, and the pain subsided in approximately three 
minutes. The electrocardiographic tracing in the limb leads during the bout 
of pain showed no significant change. One patient developed trigeminal 
rhythm following application of the ice cube to the nose for five minutes 
which persisted approximately seven minutes. 

Two patients experienced chest pain during the test and two had a de- 
layed reaction of chest pain. One patient, Avho showed a negative te.st clectro- 
cardiographically following application of cold, had onset of preeordial pain 
.approximately five to seven minutes later. The delayed reaction of chest pain 
was present in another patient, "who reported chest pain upon walking from 
the laboratory. He previously had suffered no episodes of angina for several 
months prior to the test. 
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There were no marked changes in blood pressure response noted in any of 
the patients studied. 

This and other preliminary data indicate that a cold stimulus, particularly 
£ollo^ving a meal, matex'ially increases the positive tests for so-called “ischemia 
of heart muscle. ’ ’ This may be of clinical value in detecting coronary insuf- 
ficiency. 

It would appear that the cold stimulation of the external skin of the face, 
especially about the nose, is one of the factors which may contribute toward 
initiating attacks of angina in patients walking against a cold wind. 


8. EVALUATION OF THE ZINC SULFATE TURBIDITY AND TOTAL 
LIPID DETERI^IINATIONS IN LIVER DISEASE 

JEROJtE R. Berxian, M.D. (By Invitation), and Leon Schiff, M.D., 

Cincinnati, Ohio 

(With the Technical Assistance of Lila Dohxi, B.S., and 
Elizabeth Robinson, B.S.) 

In order to assess the clinical value of the zinc sulfate turbidity and total 
lipid determinations as described by Kunkel, a series of 871 consecutive “liver 
profiles” were studied. These new turbidity tests were contrasted vdth the 
routine liver “function” tests simultaneously performed. The 871 determina- 
tions were made in approximately 400 patients, more than half of whom had 
clinical evidence suggestive of liver disease. Needle biopsy of the liver was 
performed in many instances. 

The zinc .sulfate turbidity test xvas contrasted with the thymol turbidity 
test. 12.0 units was chosen as the upper limit of normal for the zinc sulfate 
turbidity, and 5.0 units for the thymol turbidity. The cases were divided in- 
to the follovdng groups: cirrhosis (nutritional, postnecrotic, and portal), 
hepatitis (infectious and homologous serum), obstructive jaundice, carcinoma 
(primaiy and secondary), and miscellaneous. The miscellaneous group in- 
cluded patients with nonhepatic disease as well as a feiv with granuloma of 
the liver and fatty infiltration of the liver. 

The zinc sulfate turbidity was elevated while the thymol turbidity was 
normal in 19.4 per cent of the determinations. The thymol turbidity was 
elevated and the zinc sulfate turbidity normal in 5.6 per cent of the determina- 
tions. 

When the determinations were divided according to diagnosis, the follow- 
ing significant data appeared. 

(a) In cirrhosis: the zinc sulfate turbidity was elevated and the thymol 
turbidity was norma! in 16.8 per cent of the tests; whereas the zinc sulfote 
turbidity was normal and the thymol turbidity elevated in 3.7 per cent, (b) 
In hepatitis: the zinc sulfate was elevated and the thymol turlxidity was 
normal in 8.5 per cent of the tests; whereas the zinc sulfate turbidity was 
normal and the thj-mol turbidity elevated in only 0.7 per cent, (c) In obstruc- 
tive jaundice and carcinoma of the liver: the zinc sulfate turbidity and thymol 
turbidity tests did not show the significant differences seeji in cirrhosis and 
hepatitis. 

It was felt that the zinc sulfate turbidity test was ixarticularly useful in 
cases of cirrhosis of the liver. 

The values obtained for total lipids using the method of Ivunkcl were con- 
trasted with the values obtained for cholesterol using the method of Bloor. A 
total of 167 determinations were so compared. It was seen that the values of 
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the total lipid and cholesterol roughly paralleled one another. The ratio of 
total lipid to cholesterol was determined and it was found to be 3.76 ± 0.7. In 
17.9 per cent of the determinations this ratio was exceeded. Slost of these were 
instances of hepatitis and/or cirrhosis. The significance of these ratios is to 
be discussed. 

It was felt that these new turbidity tests provide useful information and 
deserve inclusion in routine liver function studies. 


9. AN ANTIDIURETIC SUBSTANCE IN THE URINE OF PATIENTS 
WlTn CjVRDIAC failure 

Bernard A. Bercu, JI.D. (By In\utation), Stanley N. Rokaw, SI.D. 

(By Invitation), and Edward Massie, il.D., St. Louis, JIo. 

Recently, much doubt has been cast upon the conventional explanations of 
the mechanisms involved during cardiac decompensation. Because of the con- 
troversial state of this subject at present, it was felt that examination of other 
factors involved in water balance would be worth while. Therefore, patients 
unth congestive heart failure were studied for the presence of increased amounts 
of antidiuretic material excreted in the urine. 

Patients udth definite heart failure were selected for study. None uith 
associated kidney disease or cirrhosis were used. Urines from normal subjects 
and patients with mental diseases were used as controls. Urines wore acidified 
to a pH of 5.5 to 0.5 with 3 per cent acetic acid, evaporated at room tempera- 
ture beneath a fan, and then dialyzed in a cellophane sac for six to twenty-four 
hours. Urines were concentrated so that a fifteen-minute output sample would 
equal 2 to 4 c.c., and this amount was used ns tlie test dose. Assay was per- 
formed on trained normal female dogs in which water diuresis had been pro- 
duced by giving 35 c.c. per kilogram body weight by stomach tube. Urine 
samples were collected through an indwelling catheter. A decrease in urine out- 
put following intravenous injection of the test material was used as a measure 
of aiitidiuretic activity and this was compared with the change in urine output 
following the injection of laiown amounts of Pitressin. 

Ten patients were studied. Of these, three liad hj'pcrtcnsive cardiovascular 
disease, three had arteriosclerotic heart disease, three had rheumatic heart 
disease, and two had cor pulmonale. Nine of these were found to have amounts 
of antidiurelic substance equivalent to 0.5 to 1.0 of Pitressin in a fifteen- 
minute urine sample. None of the controls showed any antidiurctic activity 
in their urine samples. Investigations now in progress indicate that this anti- 
diurctic material is not the same as commci'cially prepared Pitressin. 


10. VICARIOUS EXCRETION BY MEANS OF PERGASTRIC 
INTESTINAL PERFUSION 

Lionel Bernstein, !M.D. (By Invitation), Philip B. O'Neill, M.D. (By 
In\utation), Arthur Bernstein, M,D. (By Inutation), and 
■\Villiam S. Hoffman, M.D., Chicago, III. 

Pcrgastric intestinal perfusion was carried out in nine pretcrminal uremic 
patients as a means of vicarious excretion. The subjects wore placed on a Brad- 
ford fi'ame with head-end elevated. The perfusing fluid was introduced into 
the stomach and collected from a rectal tube after transit through the entire 
intestine. To prevent overdistention of the stomach and vomiting, suction was 
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applied at the eardia througli a second lumen of the gastric tube. Sueh a 
■seliemc avoided many of the disadvantage.s of other artificial means of vicarious 
nitrogenous excretion. It required no elaborate equipment, no surgical proce- 
dure, no preparation of sterile solutions, and avoided the danger of lhrombo.sis 
or peritonitis. It could be instituted with a minimum of delay. 

A significant fall in the serum nonprotcin nitrogen concentration was recog- 
nizable after .six to eight liours of perfu.sion. The nonprotein nitrogen level 
of the inte.stinal ])crfusate was directly proportional to the serum nonprotein 
nitrogen level and inversely to the rate of flow. The mean intestinal nitro- 
genous excretion was equivalent to a urea clearance of 13.6 c.e. per minute 
(range. 6.9 to 21.0 c.e.). At the optimal rate of flow of 2 liters per hour, the 
clearance was of the order of 21.0 c.c. per minute. In contrast, gastric perfusion 
alone was only about one-sixth as effective. 

Blood levels of creatinine, phosphate, and phenols were not appreciably 
lowered. Alteration of scrum sodium, chloride, and bicarbonate levels generally 
was toward normal. 

Serum potassium levels dro])pod considerably in all instances, though le.ss 
so when the potassium concentration of the perfusate was made 40 mg. per 100 
cubic centimeters. In ])rolonged perfusions, the senim potassium might fall 
to the dangci'ously low level of 12 mg. per 100 cubic centimeters. The In'gh 
concentration of potassium in the intestinal perfusate implied the nonosmotic 
secretion of potassium in the inte.stinal juice. The total negative balance of 
potassium was as much as five times as great as the total extracellular content of 
potassium. The lost potassium was therefore largely intracellular. This made 
the extent of the fall in serum potassium concentration unpredictable. In per- 
fusions of more than six to eight hours, the potassium loss might be dangerous. 
This is the limiting factor in the use of this method, which otlienrise appeared 
to be of distinct potential value in prolonging life. 


11. EXPERIENCE WITH HEPARIN-PROTAMINE TITRATION 


William R. Best, i\I.D. (By lN\TTA'noN), and Louis R. Limarzi, M.D., 

Chicago, III. 

Allen and co-workers fii-st noted that in certain hemorrhagic states a 
heparinemia-Iike condition exi.st.s which will respond to the parenteral adminis- 
tration of protamine or toluidine blue. They devised a heparin-protamine titra- 
tion technique to detect this state. Using a simplification of this titration, .suit- 
able for clinical laboratory analysis, ninety-one tests were performed using fortv- 
eight patients with various hematologic diseases and twenty-three normal sub- 
jects. One cubic centimeter lots of blood rendered incoagulable with 90 gamma 
of heparin are titrated against .selected 0.02 c.c. increments of a standard pro- 
tamine solution until an end jminl of coagulation at room temperature in one 
hour is achieved. Normal end points range from 0,12 to 0.18 c.c. of .solution, 
depending on potency of successive batches. Tests were read as 0, -t, ++, or 
-r-r-f according to the relationship in 0.02 c.c. increments of the patient to the 
control value. Of twenty-three tests run on nonnal subjects, three wore 
cloven were 0, and nine u’crc f. Thus a ± value is of no significance. Six 
patients with thrombocytopenic purpura, four with acute Icueemia, seven with 
chronic leucemia. two with ajflastie anemia, nine with pernicious anemia, four 
with polycythemia, three with miscellaneous anemias, five with prolongetl 
roentgen therapy, six with obscure bleeding jiroblems, and one each with 
multijile myeloma. Hodgkin's disease, and myeloid metaplasia of the spleen were 
tc.sted. Of these, only three of the four acute leneemias and two of the seven 
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chronic Icucemias showed a significant increase. Interestingly, three of the 
six obscure bleeding prol)lcms showed a - reaction, possibly indicating a com- 
pensatory increased tolerance for heparin. 


12. DISTRIBUTION OF BT^OOD TYPES IN THE LEUCEIMIAS 

■\ViLLiAsi R. Best, M.D. (By Imitation), Louis R. Ltmarzi, 

AND Henry Ct, Ponciier, Ii[.D., Chicago, III. 

Of five hundred thirty-two patients with lencemia studied, most of whom 
have been observed over the past twelve years, Landstcincr blood groups were 
recorded in one hundred thirty-seven and Rh types in thirty. Pour of those 
with known Landstcincr typc.s wci'C Negro; all the others were white. Of those 
typed, 42 per cent suffered from acute Icuccinia, 45 per cent from chronic, 5 
per cent from monocytic, and 7 per cent from other types of Icucemia. The 
larger group studied consisted of 31 per cent acute, 52 per cent chronic, 6 per 
cent monocytic, and 11 per cent miscellaneous varieties. Thus blood groups 
were recorded in a significantly greater percentage of acute conditions than 
chronic. The distribution of blood typos among the one luuulrcd thirty-seven 
patients was : 0, 39 per cent ; A, 41 per cent ; B, 13 per cent ; and AB, 7 per cent. 
The distribution of blood typos as recorded in over four thousand, five hundred 
recent, routine blood bank tests is: 0, 44.1 per cent; A, 3S.G per cent; B, 13.2 
per cent; and AB, 4.2 per cent. If the figures from the cases of leucemia arc 
compared by chi-squaro with those of the larger liospital group, the probability 
of differences being due solely to random selection is 0.55. Thus, tlicrc is no 
significant difference of distribution between tlic two groups. Similarly there is 
no significant variability' of blood type distribution in the vsmallcr groups of 
chronic myelogenous Icucemia, chronic lympliatic leucemia, and tlic pooled cases 
of acute Icucemia. 

Of the thirty patients Rh typed, 77 per cent were positive, 23 per cent 
negative. Comparison by chi-square with the published figures of 85 per cent 
positive and 15 per cent negative gives a probability of 0.20, revealing no 
significant difference between the louecmic and the general groups. 


13. OCCURRENCE OF HEMOPHILIA IN FEMALES 

Kenneth jM. Brinkhous, JI.D., and John B. Grahan, M.D. (By Invitation), 
Chapel Hill, N. C. 

Hemophilia is considered ordinarily as a disease of the male sex only, in- 
herited as a sex-linked recessive charactcri.stie through tlic x-chromosome. Of 
the possible tyiies of crosses in human hemophilia, only two, conductor female 
X normal male (Hh x HY) and normal female x hemophilic male (HH x hY), 
arc well establisiicd. Rare instances arc reported of matings between conductor 
females and hemophilic males. In this cross, Hh x hY", half of the female off 
spring should he of the genotype hh and would be expected to he bleeders. 
However, authentic cases of female hemophilia have not been described. As a 
result it has been postulated that the genic combination lili is lethal, or tliat 
the bleeding tendency docs not become manifest in females. 

Recently a strain of dogs with an inherited bleeding disease was dis- 
covered. On the basis of the Hh x IIY cross, a sex-linked type of inheritance 
was demonstrated. The clotting defect appearo to be identical to that in 
human hemophilia. As a result of a breeding program cari’ied on in our 
laboratory, bleeder males have been reared to maturity. This report deals 
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with the mating of bleccler males imth coiicluctov females. Six litters from 
such matings have been studied. Neaidy half of the males ivere hemophiliac, 
while the remainder were normal. Approximately half of the females ivere 
hemophiliac, while the rest showed no evidence of the disease. The distribu- 
tion into bleeders and nonlilceders in these litters was close to the expected 
ratio of 1 :1 for the cross, Hli x liY. 

The clotting defect in the affected animals was the same, regardless of 
sex. All showed consistently prolonged clotting times, normal bleeding times, 
normal prothrombin values, and a slow disappearance of prothrombin from 
clotting blood in spite of normal platelet A-alues. The clotting defect was 
corrected in vitro by normal plasma or small amounts of thromboplastin. 
Further studies indicated that the bleeder females, just like the bleeder males, 
lack a plasma factor required for platelet utilization. 

No sex difference in the bleeding tendency was observed. Hemarthroses 
and subcutaneous hematomas have occurred frequentljv Some animals have 
had evidence of internal bleeding. Hemorrhagic episodes have been controlled 
by plasma transfusions. 

The occurrence of hemophilia in female dogs .suggests that the genic com- 
bination hh in human beings is not lethal. Absence of human cases may be 
due to lack of opportunity for their occurrence, or to inadequate investigation 
of possible cases. 


14. OBBERVATIONS ON THE EPIDEMIOLOGY OF INFECTIOUS 

HEPATITIS 

John W. Brown, liLD., and Edna M. Cree, M.Ph. (By ImuTATioN) , 

Madison, Wis. 

The occurrence of infect ions hepatitis was studied in two widely separated ■ 
areas in AYisconsin. One region, in the north-central section, consi.sts of_a 
city of 10,000 inhabitants and surrounding rural communities. The other, 250 
miles away in the southwestern section, is a prosperous farming region. The 
geology of the areas is different. The chief method of study consisted of 
intermews with each individual Avho had had the disease and with his sus- 
picious contacts. Most of the cases were discovered in this waj’. An attempt 
was made to ascertain pertinent facts concerning the development of each 
case and to document the individual and environmental factors. Similar inter- 
views were obtained with GO families in which hepatitis had not occurred. 
Sanitary surveys were made by the State Board of Health, and other data were 
obtained relative to terrain, climatic variations, and disease rates. For the 
purpose of this study, jaundice was made a mandatory criterion for diagnosis. 

In the northcim area. 1G8 cases of infectious hepatitis occurred, beginning 
in January, 1047. In the south, 31 cases had appeared, the first in December, 
1045. The disease appeared in all months of the year, with a significantly 
greater number in winter. The greatest number of cases occurred in patients 
between the ages of 10 and 30. the disease rarely appearing in preschool chil- 
dren or persons over 50. There was a clear tendency to distribution by 
families. In the 115 families concerned, there wei'c 109 cases (1.7 persons per 
family). Of the 57!) persons in these families, 34 per cent developed the 
recognizable syndrome. ^lembers of other families in the vicinitj' were not 
involved, even though all activities were shai-ed, so far as could be determined. 
The occurrence of the disease seemed to present a pattern b}' gi'oups. In the 
southern region it was confined to an area of approximately four square miles. 
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Various environmental factors were studied. The drinking water from 
wells was found to he contaminated in 30 per cent of homes where cases oc- 
curred and in only 5 per cent of homes which had been free of the disease. 
Other considerations tend to minimize the importance of this as the source 
for transmission. The occurrence of the disease in localized areas by groups 
seemed to he the most important aspect of these observations. 

15. RATES OF TURNOVER AND BIOLOGIC DECAY OP CHLORIDE AND 
CHLORIDE SPACE IN DOGS'DETERIMINED VHTH THE 
LONG-LIFE ISOTOPE, CP" 

G. E. Burch, !M.D., S. A. Tiireefoot, ^I.D. (By Invitation), and 
G. Thorpe Ray, M.D. (By Invitation), New Orleans, La. 

The long-life radioehloridc, CP® (T^ ^ 2 x 10® years), made possible the 
study of the eaily conccntration-timc course in the blood senim, biologic decay 
rates, and rates of turnover of chloride in six normal dogs obsciwcd continuously 
for eighteen to thirty-one days under controlled metabolic conditions. These 
experiments yielded the following information. 

(1) The moan conecutvation-time coui*sc of CP® in the serum for the first 
sixty minutes after intravenous administration can be expressed by the 
multiple exponential equation 

CNt = 1250e-2-®"‘ + 680e-«-®®®‘ + + 6T4e-® 

where 

CNt = concentration in the scrum at any time t; 

0 = natural log. 

(2) All the scral chloride leaves the serum each minute, and about one-third 
of the iionscral chloride returns to the scrum each minute. Thus in a dog 
weighing 4.54 kilograms (10 pounds) with a chloride mass of 5.5 Gm., about 
2.75 Gm. of chloride pass into and out of tlie serum eacli minute. 

(3) The mean C.^ value for the senun was 2.51 days (range, 2.1G to 3.00), 
the mean 3.50 days (range, 2.75 to 4.00), and the mean 3.40 days (range, 
2.75 to 3.80). 

(4) The mean recovoiy was 91 per cent of that injected (range, 83 to 
97)— ^8 per cent (range, 81 to 90) in the urine and 2.G per cent (range, 0.6 
to 5.9) in the feces. 

(5) The mean chloride space in “serum equivalents” was 35 per cent of 
body weight (range, 32 to 38) and the mean total hotly chloride G.84 Gm. for a 
dog weighing 4.54 kilograms. 

(6) These and other data to be pre.scnted indicate that: (a) The chloride 
space is larger than previously reported. (I)) Chloride cannot be employed as 
a measure of extracellular fluid space, (c) Chloride is present in considerable 
quantities outside the extracellular fluids, (d) Man would require a daily 
intake of 43 Gm. NaCl or 15 to 22 lb. of food to have a diet comparable to that 
of a dog weighing 4.54 kilograms, (e) A diet of 200 mg. sodium for a man 
weighing 70 kilograms is equivalent to a diet of 13 mg. for a dog weighing 
4.54 kilograms. Thus, the usual studies of low sodium metabolism in small 
animals with “hypertension” must be evaluated cautiously. 

The importance of these studies in planning tracer experiments with 
chloride and bromide and in understanding the metabolism and excretion of 
chloride and bromide, edematous states, intoxication due to i*adiochloride and 
radiobromidc in atomic warfare, and other physiologic processes is evident 
from the data. 
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16. OliAJj ADiAIINISTRXTION OP VITAMIN B,, IN PERNICIOUS ANEMIA 

II. STrDIE.S ON THE NaTCRE AND SOURCE OF INTRINSIC FACTOR 

Donald C. Ca.mpbell, M.D. (Ba* Inittation), Byron E. Hall, M.D., and 
Edward II. Morgan, M.D. (By iNmTATiox), Rochester, j\Iinn. 

Vitamin B,c, when administered parcnterally to patients having pernicious 
anemia in relairse, beliaves in the same manner as docs tlie active principle in 
liver. However, when vitamin B ,2 is admini.stered orally it acts as does extrinsic 
factor, as Berk and eo-workers, Hall and associates, and others liavc shown. 
Since imtients with jiernieions anemia lack intrimsic factor, orally administered 
vitamin Bj; is not utilized, in most eases at least, unless the intrinsic factor 
is given also, either simultaneously or Avitlun a period of six hours (Castle and 
associates). If the quantity of vitamin Bu is kept constant, various unknowns 
can he tested for the pi'esenee or absence of intrinsic factor. IVe have utilized 
this procedure with seventeen patients having pernicious anemia in severe re- 
lapse. The following data have been gathered from these studies. 

(1) Intrinsic factor is present in fresh, Berkefeld-filtered, pooled human 
gastric juice. (2) It is also present in e.xtraets of hog stomach and duodenum. 

(3) It is destroyed by heating to a tempeimlure of 63° C. for thirtj’^ minute.s. 

(4) It is not destroyed in human ga.stric juice when the latter is stored at_a 
pH of 1.7 at a temperature of 5° C. for three months. (5) Trichloracetic acid 
and cold alcohol (95 per cent) precipitates from human gastric juice (pre- 
pared for us by Dr. J. B. Bollman) did not contain the intrinsic factor. (6) 
In vitro mixtures of pooled human gastric juice and vitamin Bi;. after stand- 
ing at room temperatures for twentj'-four hours, were heated to 70° C. for 
.sixty minutes. IVhen these wore administered orally to a patient with per- 
nicious anemia in relapse, no hematopoietic response was elicited. (7) The 
minimal amount of human gastric juice required to produce optimal hematp- 
poietic responses when administered daily by mouth with 5 or 30 p.g of vitamin 
B,s has not been accurately determined, but in our experience the daily 
administration of 75 e.c., plus vitamin B, 2 , has given optimal results. (8) 
Variation in the response to large quantities of vitamin Bi 2 administered alone 
by mouth has been noted. One patient failed to show a hematopoietic re.sponso 
to a single oral dose of 1,000 /ig of vitamin Bj 2 concentrate. A second patient 
exhibited a suboptinial response to a single dose of 75 pg of crystalline 
material. From this, and similar observations by others, it is possible to 
theorize that lack of intilnsie factor in patients with pernicious anemia is not 
absolute. 

17. CONGESTR'E HEART FAILURE AND HYPONATREMIA: UNTO- 
WARD EPFECT.S OF MERCURIAL DIURESIS 

Da\td Citron, M.D. (Bv Invitation), Bernard Bercu, M.D. (By Inwitatio.n), 
Richard Lemmer. M.D. (By Tnwttatton), and Edward Ma.ssie, hl.D., 

.St. Louls, ilo. 

Recent literature eoneerning the treatment of congestive heart failure ha.s 
emplia.s'izcd the value of dietary .salt restriction and the frequent use of mer- 
curial diurotic.s. One of the complications incident to the rapid diuresis pro- 
duced by this tyjie of therapy is the profound change in the electrolyte balance. 

Such an instance was encountered in the ca.se of a 50-year-old man who 
became critically ill and comato.se as the result of treatment of his severe con- 
gestive failure with low salt diet and mercurial diuretics. It was not until three 
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days subsequent to the appeavance of coma, wiien the plasma chloride eonceii- 
tratiou was found to be low. that the true pathogenesis of his condition was sus- 
pected and treatment with sodium cldondc solution seemed justified. Tlie 
patient improved cliiucally and tliis improvement paralleled the restoration of 
electrolyte balance. Siimo this initial experience eleven other patients present- 
ing a similar therapeutic problem linvc Ijccu treated. 

In patients with well-c.stablisiied eongcf?tive fnilnrc witli edema the extra- 
cellular fluid compartment is expanded. The removal of the excess fluid in the 
extracellular space may be accomplished by a combination of low salt intake and 
mercurial diuretics. During the excretion of this fluid, however, sodium and 
chloride are removed at a relatively faster rate than water. Conseqxiently, the 
sodium chloride values fall and the fluid ])ccomcs Iiypotunic. In the presence 
of subnormal plasma sodium and chloride concentration the diuretic response 
to organic materials is inhibited. Clinically the situation whicli at this point 
presents itself is one of a patient with chronic cardiac failure who in spite of 
vigorous ti’catment is getting woi*sc rather than better and docs not respond to 
mercurial diuretics. Dizziness, drow.sincss, muscular pains, and apathy appear, 
and if correction witli adequate amounts of sodium cldoriilc is not made in time, 
confusion, convulsions, and death may result. 

IS. METABOUO CHANGES INDUCED BV SUBTOTAL ADREN^VLEC- 
TOHY RESULTING IN CURE OF CUSHING'S SYNDROME; EFFECTS 
OF LATER ADMINISTRATION OF ACTH 

J, W. CoNN’, JI.D., L. II. Louis, Sc.D. (By Invitation'), Fajans, M.D. 

(By Ikhtation), and Betty J. Johnson, B.S, (By Invitation), 

Ann Audor, Mich. 

A metabolie study was carried out upon a 22-yoar-old woman with typical 
Cushing's sjmdromc proved to be due to bilateral adrenocortical hypci*plnsin. 
It affords comparative data in the same pci'son under tliree separate conditions: 
(1) before subtotal adrenalectomy, (2) after metabolic and i)hysical normalcy 
had been established by removal of more than 90 per cent of adrenal tissue, and 
(3) during stimulation of the adrenocortical remnant with large amounts of 
ACTII (100 mg. per day Armour Standard). The data include observations 
upon the metabolism of nitrogen, carboliydratc, uric acid, glutathione, chole- 
sterol, and elcctroljdes as well as daily excretion.^ of 17-lcetostcroids and of 
“ll'Oxysteroids." 

To bo emphasized arc tlic following results and conclusions. 

(1) Before operation, fasting blood glutathione averaged 26 mg. per cent 
(highest value, 28 mg. per cent) and carboh^’dratc tolerance was gi*oatiy im- 
paired. Intravenous reduced glutatliionc (GSII) abruptly eon verted the 
diabetic tolerance to normal, but it quickU' revei'ted to the diabetic type. Four 
months after operation fasting blood glutathione averaged 43 ing. per cent 
(lowest value, 39 mg. per cent). Carbohydrate tolerance was then normal and 
lias remained so. 

Those observations are in accord with our previous reports upon the role 
of GSII in ACTII-induced diabetes in normal human beings. A deficiency of 
fixie sulfhydryl (-SH) groups appears to be importantly involved in the patho- 
genesis of the diabetes olxscrved in Cushing's syndrome. 

(2) Excretion of 17-KS and of 11-OS (both elevated threefold preopera- 
tively) became persistently normal after adrenalectomy. ACTII acting upon 
the adrenal remnant returned these values to tlieir preoperative levels! They 
became normal again upon cessation of ACTII. 
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Upon sufficient stimulation and foi’, at least, a short period of time, a 
small remnant of adrenal cortex can give rise to the same quantity of steroidal 
end prodircts as had been produced by two hyperplastic glands during the 
active stage of Cashing’s syndrome. Conversely, the hyperplastic adi-enals 
of active Cushing’s syndrome are not receiving maximal functional stimula- 
tion from endogenous ACTH. 

(3) Despite an ACTH-induced return of excretory corticosteroids to pre- 
operative levels, some of the preoperative metabolic aberrations failed to re- 
appear. This ^vas true also of the preoperative vascular hjqjertension. 

It is likely that some of the clinical and inetabolic manifestations of iin 
creased cortical activity arc a function of time ns well as- of intensity, that 
mildly increased cortical activity of sufficient duration evcntuallj' will mani- 
fest itself. This maj- be important with i-espeet to therapeutic uses of ACTIT. 


19. A CLINICAL-PATHOLOGICAL SURVEY OF lOS TUBERCULOUS 

PATIENTS 

Thosias II. Da\tdson, j\I.D. (By Invitatiox)) Joseph ]\I. Lubitz, IM.D. 

(By Ik\t:tation), and JLvurice Hakdgrove, M.D., 

SIlLWAUKEE, WlS. 

Autopsies wore performed on 108 patients who had active tuberculosis, The 
diagnosis of tuberculosis was established bj' cli2ucal means in 95 (Grotip A), 
but the disease was not recognized before death in the other 13 patients (Group 
B). 

Group A . — Tuberculosis was the pi'imary cause of death in 73 of the eases 
in which it was diagnosed before death, but iji 18 patioits other diseases than 
tuberculosis were the cause of death. In 13 of these 18 the nontubei'culous 
disease causing death was recognized clinically; in the other 5 it was not sus- 
pected. There were four other patients in this group in whom it appeared that 
the tuberculous process and another disease were of equal importance in the 
patient's demise. Adequate attempts were made in the treatment of recognized 
nontubereulous diseases in this group, but in those five patients who had 
clinically uncovered diseases early treatment juight have helped. There were 
tlie following conditions imrccognizcd before death in the five jmtients in whom 
the clinical diagnosis of active tuberculosis was made: cai’cinoma of the 
paJiereas, heart failure due to arteriosclerotic heart disease, pulmonary infarc- 
tion, and two eases of piihnonaiy atelectasis. 

Group B . — Analysis of the 13 patients who had active tuberculosis dis- 
covered only at the time of the postmortem showed that two died primarily 
of the tubei'culous process, one fi'om acutely disseminated miliary tuberculosi.s 
and one from tuberculous peritonitis. The other eleven patients had clinically 
recognizable nontubereulous disea.ses and were pi’operly though unsuccessfully 
treated. The clinically unreeognized tuberculosis involved the lungs and 
respiimtoiy passages in all but one patient in -whom primary tuberculosis of 
the kidney was found at autopsy. The other diseases which caused death m 
this group were generally so acute, severe, or advanced that treatment of the 
tuberculous lesion would have been of little avail. 

Accuracy of clinical diagnosis invohdng both the tuberculosis and other 
associated diseases in the group of 108 patients was 121 (86 per cent) in lU 
instances. Active tuberculosis was missed clinically in 13 (12 per cent) of the 
total group studied. Nontubereulous diseases went undiagnosed pre mortem 
in 6.0 per cent (7). 
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Tuberculosis services need to seek consultation from other branches of 
medicine and surgery, as much as do medical and surgical services need the 
help of pulmonary disease students. This need should encourage hospitals to 
provide frequent cross consultations. Close proximity of tuberculous hospi- 
tal and sanitorium units to other medical and surgical units -will aid in this 
endeavor. Therapeutic advances not only in tuberculosis but in other diseases 
as well will then be readily available to the patients. 


20. POLyCYTHEI^nA VERA WITH HEPATIC VEIN THROMBOSIS: 

CASE REPORT WITH SERIAL LIVER BIOPSIES AND 
APPARENT RECOVERY v 

W. D. Davis, Jr., M.D., Wiluam R. Arrowsmith, M.D., and 
A. A. Caire, III, M.D. (By Inmyation), New Orleans, La. 

A case is presented of a patient who apparently recovered from spon- 
taneous thrombosis of the hepatic vein (Chiari^s syndrome). It is believed to 
be the first case to be reported in which the patient recovered. 

Case Eeport . — A 39-year-old shipyard machinist carac to the Ochsuer 
Clinic on Aug. 30, 1948, because of weakness, failure to gain weight, and a 
feeling of fullness in the abdomen of ten months’ duration. Three weeks be- 
fore admission, edema of the legs and ankles and slowly progressive enlarge- 
ment of the abdomen were noted. 

Physical examination and laboratory studies revealed the combined 
features -of polycythemia vera and severe hepatic disease. The patient had 
a florid complexion with dilatation of superficial vessels and engorgement of 
the retinal veins. Spider angiomas were noted over the shoulders and chest. 
The abdomen was filled with fluid. The edge of the liver could be felt about 
10 cm. below the right costal margin and there was considerable enlargement 
of the left lobe. The spleen was ballotable 6 cm. below the left costal margin. 
Pitting edema was apparent in both ankles and pretibial areas. 

There was pronounced elevation of the red blood cell count, hemoglobin, 
hematocrit, white blood cell count, and platelets. The serum bilirubin value 
was elevated to a total of 3 mg. per cent; bromsulfalein test showed 46 per 
cent retention in forty-five minutes; urine urobilinogen excretion was in- 
creased, and prothrombin time was 27,8 per cent of normal. 

The patient was hospitalized on September 6 for paracentesis and repeat 
phlebotomies, and 7 me. of radioactive phosphorus were given intravenously. 
Initial liver biopsy revealed considerable engorgement of the sinusoids in the 
central area of the liver with pressure atrophy and beginning fibrous replace- 
ment. A small branch of the hepatic vein was seen in one section with a re- 
canalizing thrombus occupying the greater part of its lumen. Despite re- 
peated low prothrombin times, Dicumarol therapy was instituted. Because 
of recurrent ascites and hemorrhage with paracentesis a peritoneal button 
was inserted on October 23. With institution of a low sodium diet and re- 
peated administration of mercurial diuretics the patient improved steadily. 
The liver and spleen showed progressive decrease in size, and on discharge, 
Dec. 2, 1948, the patient was free of edema and bromsulfalein retention was 
reduced to 13 per cent in forty-five minutes and total serum bilirubin to 1.16 
mg. per cent. 

During the next few months the patient required hospitalization once for 
slight bleeding due to Dicumarol poisoning and once for an intercurrent acute 
infection. Since that time he has continued to improve, has gained weight, 
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23. AX EFFECTIVE METHOD FOB THE PEEVENTION OP 
RHEUiMATIC FEVER AFTER THE DEVELOPMENT 
OP A STREPTOCOCCAL INFECTION 

Captain Floyd ^Y. Denny’ (By' lN\aTATioN), C.yptain Lewes AV. AVannamaker 
(By- Invitation'), and Captain AALluayi R. Brink (By In\ttation), AIedical 

Corps, Army of the United States, Port Francis E. AA^arren, AFyo., . 

AND Charles II, Ramjielkayip, M.D., and Edward A. Custer, Af.D. 

(By Invitation), Cleveland, Ohio 

From January through June, 1949, at Port Francis B. AA^arrcn, over 1,650 
consecutive cases of exudative pharyngitis and tonsillitis were observed. 
These cases were divided into control and treated groups of approximately the 
same size according to Air Force serial number. Treatment consisted of the 
parenteral administration of crystalline procaine penicillin G (suspended in 
lieanut oil containing 2 per cent aluminum monostearate) in doses of 300,000 
units on admission and again in seY’-enty-tYvo hours. Later in the study the 
dosage schedule was changed to 300,000 units on admission, 300,000 units at 
forty-eight hours, and 600,000 units at ninety-six hours. Studies for the de- 
tection of rheumatic fever were performed between the third and fourth week 
folloiving the initial infection. . Throat cultures and blood specimens were 
obtained from all patients on admission and at the time of re-examination. 

That these infections were almost exclusively streptococcal in origin was 
established by the presence of group A streptococci in approximately 80 per 
cent of all the original throat cultures and a diagnostic increase of the anti- 
streptolysin “0” titer in the convalescent blood of about 80 per cent of the 
control group. 

In the entire group, twenty-seven patients developed symptoms suggestive 
of acute rheumatic fever during a period of from ten to thirty-five days follow- 
ing the initial streptococcal infection. Of these, a definite diagnosis of acute 
rheumatic fever was made in nineteen patients, seventeen of whom Yvere in the 
control group and tYvo in the treated group. A diagnosis of possible acute 
rheumatic fever Yvas made in eight patients, six of Yvhom Yvere in the control 
group and Iyvo in the treated group. 

It is concluded that the adequate early treatment Yvith penicillin of strep- 
tococcal infections YY-ill prevent rheumatic fcY-er in the majority of eases. 

24. A COAIPARISON OF TUBERCULIN AND iURTHUS TATES OF 
HA'PERSENSITmTA''; IN AHVO OBSERA''ATION IN 
THE RABBIT EAR CHAAIBER 

Rohert IT. Ebert, jM.D., AV. R. Barclay, M.D., and J. J. Ahern, M.D., 

Chicago, III. 

(Introduced by Robert G. Bloch, M.D.) 

Using the rabbit ear chamber technique it has been po.ssible to compare in 
vivo the difference betYvecn tuberculin and Arthus types of hypersensitivity. 
The rabbit car chamber proY-ides a thin laj'cr of living Y'ascularized tissue 
40 to 50 n thick YY-hich can be inoculated directly, Alicroscopic observations 
can be made at frequent intervals under the highest magnification, and the 
dynamics of tissue change can be YY-atched and recorded Y\-ith Kodachrome 
motion pictures. 
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The tuberculin reaction was studied in five chambers inoculated directly 
with old tuberculin. One animal was sensitized with bovine tubercle bacilli, 
strain Kavenel RV, and the others, inth CCG. Dilatation of blood vessels 
occurred during the first thirty minutes after inoculation and persisted for at 
least seventy-two hours. Generalized sticking of leucocytes to vascular endo- 
thelium developed during the first thirty minutes, persisted for forty-eight 
to seventy-two hours, but decreased in extent after thirty-six hours. Di- 
apedesis of white blood cells resulted in the accumulation of considerable gen- 
eralized exudate within two to five hours after inoculation. The exudate in- 
creased in density during the first thirtj'-six hours. In three experiments lo- 
calized hemoconcentration due to seepage of plasma through damaged endo- 
thelium was followed by stasis and complete thrombosis of small venules. This 
occurred in the regions of densest exudate twenty-two to thirty-six hours 
after inoculation. 

The Artlius reaction was studied in six chambers using both bovine albu- 
min fraction Y and horse serum as antigens. Immediately following direct 
inoculation of antigen into the chamber in the sensitized animal, platelet 
thrombi formed in venules and washed away in the general circulation. 'With- 
in fifteen to thirty minutes there was considerable admixture of white blood 
cells with platelets in the thrombi which continued to form. Twenty to sixty 
minutes after inoculation sticking of large clumps of white blood cells and 
platelets to vascular endothelium was observed in many vessels. Simul- 
taneously other vessels thrombosed completely and plugs of platelets and 
white blood cells could be seen separating areas of densely packed red blood 
cells. Dense exudate developed in the regions where sticking was marked, but 
little or no exudate accumulated around vessels which thrombosed early. The 
peak of the reaction occurred after eight to ten hours, although sticking of 
white blood cells, vascular dilatation, and infrequent formation of new plate- 
let thrombi could be observed after twentj'-four hours. 

Endothelial damage characterized both types of hypersensitivity. In 
the tiiberculin type, damage was either primary or initiated by local tissue 
damage. In the Arthus type it seemed to be initiated by an intravascular re- 
action. 


25. ELECTROCARDIOGRAPHIC PATTERNS IN PERSONS OVER 80 

E. Feldman, !M.D. (By Invitation), E. J. Ciie-srow, M.D. (By Invitation), 
AND P. H. WosiKA, M.D., Chicago, III. 

Unipolar multiple chest and limb lead electrocardiograms, in addition to 
the standard leads, were obtained upon one hundred patients over 80 3 ’ears 
of age at the Oak Forest Infirmary and the Illinois Masonic Hospital. The 
abnormalities are tabulated, the largest groups being: first degree heart 
block, twentj’-ninc cases; left ventricular hj'pertrophj”, twenty-nine cases; 
bundle branch block, thirteen eases; myocai’dial infarction, eleven cases. The 
establishment of the cardiac position using the unipolar leads explained the 
axis deviation found in the standard leads: in fifty-three cases of left axis 
deviation the heart was in the horizontal or scmihorizontal position. 

Twenty-one electrocardiograms were considered normal using the criteria 
established by Myers and associates. Of these only fifteen were normal to 
careful physical examination. Of fortj^-five patients considered normal to 
physical examination, thirtj' cases shouted abnormal electrocardiograms. Ar- 
teriosclerosis and varying degrees of heart failure accounted in the majority 
for the physical abnormalities encountered. 
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Our patients being older than the patients of most olher published scries, 
together with the use of multiple chest leads (V4R, V3U, V3.S), as well as the 
unipolar limb leads, makes comparison ivith earlier series difficult. The ad- 
imutages of the additional leads to electrocardiographic interpretation again 
become apparent. 

26. CAEDIODYNAl\nC AND READVL STUDIES IN CHRONIC 
PERICARDITIS AYITH EFFUSION, AVITH PARTICULAR 
REFERENCE TO THE MECIDVNISMS OF FLUID , 
ACCUMULATION 

A. P. Fishman, M.D. (By Invitation), J. Stamler, AI.D. (By Invitation), 
L. N. IL\.tz, jM.D., L. Rubenstein, M.D. (By Inmtation), A. J. AIiller, M.D. 

(By Inattation), and E. N. Silber, M.D. (By Invitation), Chicago, III. 

The cardiodynamic and renal changes in chronic pericarditis with ef- 
fusion Avere investigated in the dog AA’ith particular reference to mechanisms of 
fluid retention in relation to congestiAm heart failure. 

Pericarditis ivas induced A\ith irritatwe cellophane. Post-mortem mor- 
phologic studies revealed chronic nonbacterial pericarditis Avith effusion, 
passive hyperemia of the liver, kidneys, and lungs, and anasarca. 

The folloAving determinations Avere done serially on unanesthetized dogs: 
(1) cardiac output (C.O.), (2) renal plasma Aoaa^ (R.P.F.), (3) glomerular 
filtration rate (G-.F.R.), (4) Nba clearance, (5) plasma Amlume, (6) thiocyanate 
space, (7) hematocrit, (8) plasma proteins, (9) central and peripheral venous 
pressure (V.P.), (10) arterial blood pre.ssure, (11) heart rate, (12) intra- 
pericardial pressure, (13) Aveight. 

As pericardial effusion developed, peripheral and central venous pressure 
rose. This Avas the initial change recorded. No dog had an increased plasma 
A'olume at this time. In some animals 1^003^11016 space Avas normal, in others 
it Avas moderatel3' increased. Resting C.O., R.P.F., and G.F.R. Avere all normal 
at this time. Na clearances suggested slightly decreased Na excretory rate. 

AVith progression of tamponade, A'.P. rose further. Plasma volume Avas 
increased in some animals, at control IcA'el in others. Thioc 3 mnate space Avas 
elevated. In this late phase, resting C.O., G.F.R., and R.P.F. Avere at control 
levels. Arteriovenous 0; difference Aims increased. Ability to increase C.O. 
in response to excitement and exertion Aims severely limited. Blood pressure 
and pulse pressure Avere moderatebA’^ depressed. 

Prior to exitus, circulator}’ collapse oceurred, Avith hypotension, mai'kedly 
elevated ALP. and intrapericardial pressure, decreased right atrial effective 
filling pressure. Resting C.O., R.P.F., and G.P.R. Avere dcpre.ssed. Na clear- 
ance Avas severelA' impaired, Avith prolonged retention of infused saline. 

It is coneluded from this stud}’ that in pericarditis Avith tamponade : (1.) 
A'cnous pressure rises as increased intrapericardial pressure Jeopardizes right 
atrial effective filling pressure. Increased A’cnomotor tone appears to lie a 
key factor in the A*.P. rise. 

(2.) Elevated hydrostatic pressure leads to edema formation. This oc- 
curs despite normal resting C.O., G.F.R., R.P.F., and plasma A'olume. 

(3.) It is suggested that Avith eleA’ated renal venous pressure, increased 
tubular Na reabsorption brings about Na and ILO retention. Plasma volume 
is thereby maintained despite increased hydro.static pressure; edema develops 
AA’ithout liomoconcentration. Inadequate C.O. during activity may also con- 
tribute to Na retention due to an inordinate fall in R.P.F. and G.F.R. 
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(4.) Prcterminally, a critical level of intrapericardial pressure is reached 
(10 to 15 cm. of IIjO) beyond which V.P, cannot rise to maintain right atrial 
effective filling pressure and C.O. Circxilatoiy collapse ensues. All mech- 
anisms for Na and HjO retention are aggravated. Exitus soon supervenes. 

27. CLINICAL AND EPIDEMIOLOGIC STUDIES OP MUMPS 
EMPLOYING THE COMPLEMENT FIXATION TEST 

A. E. Feller, ^I.D., George F. Badger, RI.D. (By Inmtation), 

John H. Dingle, M.D., Richard G. Hodges, if.D. (By Invitation), 
IViLLiAM S. Jordan, Jr., M.D. (By Invitation), and 
Charles II. Rammelkamp, Jr., M.D., Cleveland, Ohio 

Tlie complement fixation test has been employed for a clinical and epi- 
demiologic studj' of mumps. Data have been obtained concerning the per- 
sistence of antibodies following infection, the occurrence of unrecognized 
infections, the diagnosis of suspected cases of mumps and of “aseptic menin- 
gitis,'^ and a comparison of the “S" or soluble antigen, and the “V" or 
virus antigen. The results confirm and extend data presented previouslj’ from 
other laboratories. 

Tests on one hundred fifteen single sera employing infected allantoic 
fluid (“V” antigen) detected antibody in the sera of fifty of fifty-one indi- 
viduals who gave a definite past history of mumps. This positive correlation 
is notable because the majority of these persons had had mumps ten to thirty 
years previously. There were seventeen individuals whose sera contained no 
detectable antibody and it seems highly significant that fourteen of them had 
no history of mumps, two had an equivocal history, and only one had had 
mumps. Sera from thirty-two, or 70 per cent, of forty-six individuals with a 
negative past history of mumps contained antibody, indicating that inap- 
parent or mild infections are frequent. 

Diagnostic tests were made with acute phase and convalescent phase sera 
from thirty-four patients, with definitive results. Tw'olve sets of sera showed 
large increases in titer ; eleven of these iverc from cases of mumps, many wdth 
complications, and the twelfth was from a patient in whom mumps was 
strongly suspected. Twenty-two sets shoivcd no significant change in titer; 
all were from patients in whom mumps wms considered in the dillcrontial di- 
agnosis and thirteen ivere from patients with “aseptic meningitis.” 

Tests employing “S” antigen indicated, as Hcnle has reported, that anti- 
body to this antigen usually does not persist as long as antibody to the “V” 
antigen. “S” antigen afforded no decided advantage over “V” antigen for 
the detection of mumps with paired acute and convalescent phase sera. 

It is concluded that the complement fixation test is a valuable tool for clin- 
ical and epidemiologic studies of mumps. In addition, the test has been of 
practical clinical importance in certain instances, such as in patients exposed 
during early pregnancy and in professional personnel. 

28. DETERiMlNATION OF TOTAL BODY SODIUjM IN MAN YUTH 
RADIOSODIUaU* 

Gilbert B. Forbes, jNI.D., and Anne jM. Perley, SI.A. (By Invitation) 

St. Louis, Mo. 

Previous methods for determining the sodium content of the liumaii body 
have been based, for the most part, on calculations from chemical analyses of 
various organs and an assumed ratio of these organs to the total mass of the 
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body. Carcass analysis is obviously more accurate, yet reports of such an- 
alyses are available only for the fetus and newborn. Since knowledge of the 
sodium content of the body should be useful in estimating parenteral fluid re- 
quirements, an attempt was made to determine it by the isotope dilution 
principle. 

Intravenousl}' administered radiosodium quickly mixes with intravascu- 
lar sodiiTm and within two to three hours is in equilibrium (except for cerebro- 
spinal fluid) Avith extravascular sodium. Equilibration Avitli the sodium of 
brain and bone takes place more sIoavIj’’ but is belieAmd to be complete in about 
eighteen hours. When equilibrium is complete, serum specific actmty should 
equal total body specific activity, and from Icnowledge of the former, total body 
sodium can be calculated as follows : 


Na"^ injected - Ng-* excreted 
Serum Na-Vserum Na-^ 


Total body Na-^ 


Thirty determinations on tAventy-scAmn health}’’ young men indicate that 
total body sodium has an average Amlue of 41 meq. per kilogram. In a series 
of seventeen children the average A'alues are 43 meq. per kilogram for the 
older children, 49 meq. pej- kilogram for large infants, and 82 meq. per kilo- 
gram for small infants. Comparison of these results Amth those of actual 
chemical analyses from the litei-ature Avill be made. 


29. COJIPARISON OF THE ELECTROPHORETIC PATTERN OF SERD3I 
AND PLASaiA IN LIVER DISEASES WITH SPECIAL REFERENCE 
TO THE GAJOIA GLOBULIN FRACTIONS 

SI. Fkaniclin, SI.D. (By Inaitation), H. Popper, SI.D., J. de la Huerga, SLD. 
(By Inautation), W. B. Be^vn, SI.D., F. Steigmann, SI.D., 

J. 1. Routh, Ph.D. (By’ Inaitation)i J- Budoe, SI.S. 

(By Invitation), Ioava City, Ioaala 

Electrophoretic studies on patients Avith chronic liver disease revealed 
mai’ked eleAmtions of the fibidnogen peak and lower than expected^ levels of 
gamma globulin. To study this phenomenon, Ave made a comparativ'e study 
of sixty-five pairs of plasma and serum from persons having various liver dis- 
eases, a miscellaneous disease group and a normal group. Electrophoretic 
studies were supiilemented by chemical protein partition (Wolfson and 
Cohn), flocculation, and other hepatic tests in all except a feAV miscellaneous 
cases. 

Chemical analysis did not agree AAUth the marked electrophoretic eleva- 
tions in fibrinogen, nor Avmre fibrinogen peaks completely obliterated upon 
electrophoretic analysis of the senim. Total serum gamma globulin Avas higher 
than the apparent plasma electrophoretic gamma globulin. The seimm gamma 
globulin appeared elect rophoretically as two portions of ditferent mobilities, 
one migrating in the fibrinogen range. This latter portion accounted for the 
dilTercnce betAveen the senim and plasma gamma globulin and, having a 
similar mobility to fibrinogen, was buried in that peak in plasma determina- 
tions. This gammai fraction added to the plasma gamma globulin gave values 
.similar to those of senim and chemically determined gamma globulin. _ It also 
accounted for most of the abnormal electrophoretic fibrinogen elevation ana 
when subtracted from the apparent fibrinogen, chemical fibrinogen A’aliiesAvere 
approached. This gamma fraction is apparently identical to the gamma frac- 
tion found by Deutch in normal individuals. In our normal group it formed 
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approximately 2.4 per cent of total scnim protein and IG.l per cent of total 
gamma globulin. In acute hepatitis it was somewhat higher than normal, 
averaging 3.9 per cent of total scrum protein and 1G.7 per cent of total gamma 
globulin. In obstructive jaundice it was 4.1 per cent and 24.0 per cent, re- 
spectively. In cirrhosis this gamma globulin fraction averaged 7.0 per cent 
of total serum protein and 22.7 per cent of total gamma globulin. Thus, in 
chronic liver disease in addition to a total gamma globulin increase, there is a 
disproportionate increase in the gammaj fraction. Fifteen cases of rheumatoid 
and one multiple myeloma showed expected total gamma globulin increases 
but little change in the gammui fraction. The scrum and plasma concentra- 
tions of albumin, alpha and beta globulins, were e.sscntially similar. Although 
plasma electrophoretic tracings appear to be more characteristic for chronic 
liver disease than do those of scrum, their use in protein partition of liver dis- 
ease is limited because their inability to separate components of the elevated 
fibrinogen peak gives false impressions of elevated fibrinogen values and lower 
than expected globulin values. 


30. INTRA-AORTIC BLOOD PRESSURE DURING SURGICAL 
RESECTION AND REPAIR OP COARCTATION 
OP THE AORTA 

JosiAii Fuller, JI.D., Bowen B. Taylor, IM.D., 0. Theron Clagett, 

AND Earl H. AYood, M.D., Rochester, JIinn. 

(Introduced dy Howard B. Burchell, HI.D.) 

A mobile oscillographic camera was used during nine operations for coarcta- 
tion of the aorta to record continuously the electrocardiogram, heart rate, respi- 
ration, and direct blood pressure in the right radial arteiy. The pressure in the 
aorta above and below the stricture was recorded by direct puncture simultane- 
ously with these other variables before and after repair of the coarctation. 

Compression of the area of the stricture produced no signicant change in 
the pressure in the radial artery or in the aorta, whereas compression of the left 
subclavian artery in four patients produced an average increase of IS mm. Hg 
in the systolic and pnlse pressures in the radial artery and an increase of 17 
mm. Hg, systolic, and 15 mm. Hg in pulse pressure in the aorta above the stric- 
ture. In spite of an increased pressure above the stricture this maneuver in the 
three cases studied produced an average decrease in the pressure in the aorta 
below the stricture of 7 mm. Hg, systolic, and 5 mm. Hg, mean. 

In eight patients the average time spent opening the anastomosis was 31 
seconds, and during this time the mean pressure in the radial artery decreased 
an average of 11 mm. Hg, 

Repair of the coarctation in six patients was associated with an increase of 
34 mm. Hg, systolic, and 22 mm. Hg, pulse pressure, in intra-aortic pressure 
below the stricture. 

In seven patients the onset of the pulse wave in the aorta distal to the stric- 
ture before repair was an average of 0.02 second later Ilian in the right radial 
artery at the wrist, whereas after resection the onset of the pulse distal to the 
site of stricture preceded that of the wrist bj' an average of 0.05 second. This 
was not signicantlj’- different from the value obtained from the aorta above the 
site of stricture. 

Correlation between (1) the pressures at operation and (2) preoperative 
and postoperative direct obsciwations of radial and femoral arterial pressures 
was not sufficiently close to be evident in this study. 
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Tlie dynamic responses of the strain gage manometer systems used were 
studied by measui’ement of their response to square wave and variable frequency 
sine wave pressure variations. The response to equal amplitude pressure varia- 
tions ^yas -within ±8 per cent of the true pressure change up to 30 c.p.s. Higlier 
frequeneies were recorded with diminisliod sensitivity. The deflection time was 
0.02 second and the damping eoeffieient wms 0.62. These dynamic characteristics 
are superior to tliose of undamped manometers witli resonant frequencies of 
150 c.p.s. 

31. THE EFFECT OF CHOLESTEROL-FREE DIET ON SERUM 
CHOLESTEROL OP NORMAL i\ND THIOURACIL-TREATED DOGS 

Edward D. Futch III, M.D. (By Inwitation), Shiii YuxVN Tsai, M.D. (By 
Invitation), and Raymond Gregory, M.D., Gai.veston, Texas 

Experimental studies in dogs indicate that altered thyroid function is 
necessary for the production of atherosclerosis by cholesterol feeding. In order 
to elucidate the importance of dietaiy cholesterol, the following experiment ■v\'as 
devised. 

Weekly weight and scrum cholesterol determinations were made on two 
groups of four dogs each. After a control period of ten weeks on a commercial 
dog food, both groups were placed on a diet composed entirely of vegetable 
products. After a second control period of eight weelcs, blood samples -^rere 
draw'u from the hepatic vein and right auricle by means of the catheter tecli- 
nique. Animals in group 2 were then given 1.0 Gm. thiouracil daily. The dose 
was increased to 1.5 mg. at twenty-five weeks. 

In two dogs of group 2, after serum cholesterol had increased to tivice the 
highest control value, hepatic vein and right auricular blood was analyzed for 
cholesterol. 

In group 1, average serum cholesterol was 210 mg. per cent for one dog and 
130 rag. per cent for the remaining three animals. This fell to an average of 
176 mg. per cent for Dog 1 and 100 mg. per cent for the others. The fall was 
steady and progressive, lowest levels occurring toward the end of the period. 

Group 2 shelved striking increase in serum cholesterol after being given 
thiouracil for ten days. The serum cholesterol reached an average level of 240 
mg. per cent over a period of eleven weeks. This approximately doubled average 
control values. 

Comparison of mixed venous blood from the right auricle and hepatic vein 
showed no significant difference in cholesterol content before and after thiouracil 
feeding. 

It is concluded that (1) the dog can be maintained in good condition on a 
cholesterol-free diet; (2) all dogs maintained on such a diet show gradual dimi- 
nution of senun cholesterol; (3) elevation of serum cholesterol produced by 
thiouracil is not dependent on exogenous cholesterol; (4) excessive production 
of cholesterol by the liver was not demonstrated in a limited number of animals; 
(5) the possibility that sliift of cholesterol from various organs to the blood 
serum occurs is being further investigated. 
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82. THE EENAL CAPACITY OF NORiMAL, HYPERTENSIVE, AND 
CARDIAC FAILURE PATIENTS TO EXCRETE SODIUJI 

Raysiond Gregory, Harry Levine, SI.D. (By Invitation), Doris 
Deppendrock Adams, Jil.D. (By Invitation), and Vernie 
Stembridoe, (By Invitation), Galvf.ston, Texas 

The capacity to excrete an intravenous dose of 20 Gm. of sodium chloride 
per 70 kilograms of weight was studied in normal, hypertensive, and cardiac 
failure patients. A salt-free diet and distilled water were given one day before 
and for the two days of the experiment. The sodium content of two-hour urine 
specimens was determined for the first twelve hours and for three additional 
twelve-hour periods for a total of forty-eight hours following the injection of 
sodium chloride. These studies were done on eight normal, nine hypertensive, 
and eight heart failure patients. The hypertensive patients were studied only 
if venous pressure, kidney concentration tests, P.S.P. tests, and blood non- 
protein nitrogen showed no evidence of renal failure. 

marked impairment of tlic ability of the kidney of each patient with cardiac 
failure and slightly less impairment of the kidney of each patient w’ith hyper- 
tension to excrete sodium was observed in evoiy one of the periods studied. 


33. PRELIMINARY REPORT OF EXPERIENCES WITH Rh HAPTEN 
Tibor J. Greknwalt, hl.D., Milwaukee, Wis. 

(Introduced by Maurice IIardgrove, M.D.) 

Hapten is the term introduced by Landsteincr to designate that portion of 
the antigen complex which dotemmes its specific reactivity. Separated from 
the protein portion of the antigenic substance, the liaptonic fraction is incapable 
of calling forth an antibody response when injected into an animal but retains 
its ability to react with and bind its specific antibody in vitro. We have at- 
tempted to extract the haptcnic portion of tlic Rh agglutinogen from Kh-positivc 
red blood cells with alcohol and ether, using a modification of the procedures 
described by Carter and Price. This material was assayed in vitro by comple- 
ment fixation, using the method described by Kolmer for the serodiagnosis of 
syphilis. The hapten material obtained was injected into patients with demon- 
strable anti-Rh antibodies during pregnancy ; 100 to 200 mg of the crude mate- 
rial was injected intramuscularly at wccldy intervals. 

Sixteen of our patients have terminated their pregnancies. Five received 
eight or more injections and eleven less than eight injections. Of the five re- 
ceiving “adequate” therapy, two delivered rli-negative babies, two had macer- 
ated, stillborn fetuses at thirty-two to thirty-four weeks, and one delivered an 
Rh-])ositivo infant with demonstrable antibodic.s coating its red cells but no clini- 
cal evidences of erj’throblastosis fetalis. Eleven patients were seen too late and 
received only 2 to 6 injections of liaptcn. Two of these delivered macerated, 
stillborn fetuses, one aborted at eleven weeks, one infant was rli negative, rivo 
survived after multiple transfusions, two survived after replacement trans- 
fusions, and three showed no clinical or hematologic involvement although they 
were Rh positive and had positive Coomb’s tests. 

Definite conclusions cannot be drawn from this material. The anti-Rh 
titers of our patients receiring hapten have tended to remain low. In spite of 
this, our results have been discouraging. For example, one patient delivered a 
macerated fetus during the thirty-fourth week of pregnancy after receiring 
seventeen injections of hapten. Her titer had never risen above 8 in albumin 
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and was only 2 three daj^s before delivery. Another patient who had only 
four hapten injections delivered a nomial Rh-jiositive infant even though anti- 
bodies could be demonstrated coating its red cells. One must almost conclude 
that the hapten therapy was not the determining factor. 

34. CARDIOVASCULAR LESIONS IN RATS SUBJECTED TO GROUP A 
BETA HEMOLYTIC STREPTOCOCCAL PULMONARY INFECTIONS 

Robert J. Glaser, M.D. (By Invitation), Gustave J. Damjiin, M.D., and 
W. Barry Wood, Jr., M.D., St. Louis, Mo. 

The effect of repeated pulmonary streptococcal infections in the rat was 
investigated in an attempt to elucidate the nature of the relationship of group A 
beta hemolytic streptococcal infections to rheumatic fever. 

Pneumonia was induced in albino rats by intrabronchial inoculation of 
group A beta hemolytic streptococci employing techniques previously described. 
Animals were subjected to from one to seven infections; two .strains of strepto- 
cocci were used alternately in the animals infected repeatedly. Beginning 
eighteen hours after inoculation, animals were treated with penicillin in amounts 
previously determined to be adequate for successful control of the infection. 

Infections ivere produced usually at two-week inteiwals; animals were sacri- 
ficed at the end of given periods for study. The hearts were fixed in Zenker- 
formalin, and microscopic sections were stained with hematoxylin-eosin. 

Slight to moderate arteritis and periarteritis of the coronary and/or myo- 
cardial arteries occurred in 30 per cent of the experimental animals, whereas_3 
per cent of the normal controls exhibited this change. Tlie lesions observed m 
the experimental group were more intense than those in the control group. 

Jlyocardial lesions, eonsisting chiefly of pleomorphic cellular foci, were 
noted in 52 per cent of the animals repeated].v infected; 38 per cent of the con- 
trols had similar but less intense lesions. 

The incidence of endocardial infiltration b.v mononuclear cells was slightly 
more frequent and more intense in the experimental animals than in the con- 
trols. Cellular infiltration within the valve substance itself, however, was noted 
with gi’catcr frequency in the control animals. The cardiac lesions observed did 
not resemble those of rheumatic fever and none of the animals developed arthritis. 

Results of this study have demonstrated a significantly greater incidence of 
cardiac arterial lesions in rats subjected to repeated pulmonary infections with 
group A beta hemolytic strejitoeocci than in nonnal control subjects. Single 
streptococcal infections ivcre not identified with a higher incidence of cardio- 
vascular changes than were found in normal subjects. 

The failure of the rat to develop more striking morphologic manifestations 
of iiypersensitivitj^ is in keeping with previous observation. It is believed, how- 
ever, that the experimental approach used in this investigation, applied to other 
animal species, may prove a valuable means of studying the problem of tlie 
relation of streptococcal infection to rheumatic fever. 

35. OBSERVATIONS OP THE CHARACTER OP PLATELETS STUDIED 

WITH A NEW PHOTOGRAPHIC TECHNIQUE 

P. R. Hall, M.D. (By Invitation), and Stuyvesant Butler, M.D., 

Chicago, III. 

In previous reports of Butler, Thomas, and Sanford it was observed that m 
patients receiving intravenous histamine there was no decrease in the number oi 
' platelets, but there did occur a slight but definite decrease in the clotting time 



PUOCEEDINGS op twenty-second annual JIEETING 


1G05 


of pktclet-frce plasma; the higher Ihc histamine concentration, the greater the 
decrease. It was also observed by Sanford, Butler, and Kennedy that the clot- 
ting time of children vdth hemophilia could be greatly reduced by intravenous 
histamine. 

In order to correlate these observations with the disappearance of platelets 
and increased coagulation in shock, we surmised that there must be a simul- 
taneous increased production and destruction of platelets at these clinical levels. 
To study this theory we have given intravenous histamine to patients using 
techniques described for coagulation studies, but for absolute accuracy, con- 
venience, and a permanent indisputable record, wc have made serial photographs 
eveiy three minutes of platelets in solution for many hours. 

Platelets examined in this manner can be studied morpliologically with 
great accuracy and appear to remain constant in number for a long time, and 
after a period of settling are found to be of a uniform size and characteristic 
spindle shape. 

Conclusions. — (1) Platelets are a formed element of the blood. (2) Plate- 
lets in solution for many hours in contact with glass do not change tlieir char- 
acter. (3) A photographic technique for the accurate study of platelets is 
described. 


36. THE DIFFERENTIAL DIAGNOSIS OF inTERGLYCEHIC 
STATES BY LABORATORY METHODS 

G. Hamwi, ;M.D. (By Invitation), ^vnd E. von IIaam, jVI.D., Columbus, Ohio 

Tho hyperglycemic state represents a symptom and not a disease and can bo 
pixiduccd by various etiological factors. In twenty-three patients in whom a dis- 
turbance of carbohydrate metabolism was snspeeted tlic glucose tolerance and the 
insulin glucose tolerance wore studied in conjunction with other supplementary 
laboratory tests. The avterial-vcnons difference in the glucose tolerance test was 
taken as evidence of peripheral glucose utilization. Since this utilization is 
influenced by insulin, a normal arterial-venous difference would imply normal 
insulin effect. Decreased insulin sensitivity was recognized in the insulin glu- 
cose tolerance test. It was taken as c^^dcnco of the presence of cxtrapanereatic 
factors influencing the carbohydrate metabolism. Using these criteria, seven of 
the twenty-three cases were recognized as having a normal carbohydrate metabo- 
lism. The sixteen patients suffering definitely from liyperglycemia could be 
divided into the following groups : 4 cases of true pancreatic deficiency liypcr- 
glyccmia, 3 cases of hyperglycemia showing pancreatic deficiency and extrapan- 
creatic factors, 4 cases of cxtrapanereatic hyperglycemia, and 5 cases of hyper- 
glycemia with insulin and insulin sensitivity. The latter group may include the 
nutritional, hepatogenous, and mild functional hyperglycemias. 

Tho hypothesis is presented that patients suffering from carbohydrate me- 
tabolism disturbance may change from one type to another, thereby either 
aggravating or improving the hyperglvccmic state. Some confirmation of the 
foregoing classification was found in the supplementary laboratory evidence and 
the clinical data available. Patients in whom extrapancroatic influences were 
postulated as a factor in tlic hyperglycemia suffered eitlior from obesity or from 
other demonsti'ablc functional disorders. The possii)ility tliat nonglucosc reduc- 
ing substances may interfere with a correct interpretation of the arterial-venous 
differences is discussed and illustrated with a pertinent case. 
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and was only 2 three days before delivery. Another patient who had only 
four hapten injections delivered a normal Kh-positive infant even though anti- 
bodies could be demonstrated coating its red cells. One must almost conclude 
that the hapten therapy was not the determining factor. 

34. CARDIOYASCULAE LESIONS IN RATS SUBJECTED TO GROUP A 
BETA HEMOLYTIC STREPTOCOCCAL PULMONARY INFECTIONS 

Robert J. Glaser, SI.D. (By Invitation), Gustave J. Daiimin, SI.D., and 
lY. Barry Wood, Jr., M.D., St. Louis, IMo. 

The effect of repeated pulmonaiy streptococcal infections in the rat was 
investigated in an attempt to elucidate the nature of the relationsliip of group A 
beta hemolytic streptococcal infections to rlieumatic fever. 

Pneumonia was induced in albino rats by intrabronchial inoculation of 
group A beta liemolytie streptococci employing 'techniques previoiisly described. 
Animals were subjected to from one to seven infections; tw'o strains of strepto- 
cocci were used altemately in the animals infected repeatedly. Beginning 
eighteen hours after inoculation, animals were treated with penicillin in amounts 
previously determined to be adequate for successful control of the infection. 

Infections were produced usually at two-wmek intervals ; animals were sacri- 
ficed at the end of given periods for study. The hearts were fixed in Zenker- 
formalin, and microscopic sections were stained with hematoxylin-eosin. 

Slight to moderate arteritis and periarteritis of the coronary and/or myo- 
cardial arteries occurred in 30 per cent of the experimental animals, whereas o 
per cent of the normal controls exhibited this change. The lesions observed in 
the experimental group were more intense than those in the control group. 

Myocardial lesions, consisting chiefly of pleomorphic cellular foci, were 
noted in 52 per cent of the animals repeatedly infected ; 38 per cent of the con- 
trols had similar but less intense lesions. 

The incidence of endocardial infiltration by mononuclear cells was slightly 
more frequent and more intense in the experimental animals than in the con- 
trols. Cellular infiltration within the valve substance itself, however, wms 
with greater frequency in the control animals. The cardiac lesions observed aid 
not resemble those of rheumatic fever and none of the animals developed arthritis. 

Results of this stud}" have demonstrated a significantly greater incidence ot 
cardiac, arterial lesions in rats subjected to repeated pulmonary infections w’ltli 
group A beta hemolytic streptococci than in normal control subjects. Single 
streptococcal infections were not identified with a higher incidence of cardio- 
vascular changes than w-ere found in normal subjects. 

The failure of the rat to develop more striking morphologic manifestations 
of hypersensitivity is in kec]jing witli previous observation. It is believed, how- 
ever, that the experimental approach used in this investigation, applied to other 
animal species, may prove a valuable means of studying the problem of the 
relation of streptococcal infection to rheumatic fever. 

35. OBSERVATIONS OP THE CHARACTER OP PLATELETS STUDIED 
WITH A NEW PHOTOGRAPHIC TECHNIQUE 

P. R. Hall, M.D. (By Invitation), and Stuy\t!Sant Butler, hl.D., 

Chicago, III. 

In previous reports of Butler, Thomas, and Sanford it was observed that in 
patients receiving intravenous histamine there was no decrease in the nimiber o 
platelets, but there did occur a slight but definite decrease in the clotting tini 
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has been studied over a period of six years. The hemojzranL platelet count, 
bleeding time, clot retraction, tourniquet test, prothrombin level, pla.sma fibrino- 
gen, serum ealeium, plasma vitamin C, and plasma proteins have all been within 
normal limits on repeated determinations. The administration of large amounts 
of both fresh whole blood and plasma has not had any effect on the prolonged 
coagulation time. Precipitins against plasma fractions I and III have not been 
demonstrable. There was no change in the clotting time of recalcified plasma 
follounng centrifugation at high and low speeds. Titration with protamine 
sulfate revealed no increase in liepariii. The presence of a circulating anti- 
coagulant was demonstrated hy the prolongation of the clotting time of normal 
bloods when serial amounts of the patient s blood were added. The anticoagu- 
lant effect was al.so demonstrable in the pla.sma. Heating at 60*^ C. for ten min- 
utes inactivated the anticoagulant effect of the plasma. Standing at room tem- 
perature or 4® C. for forty-eight hours had little or no effect on the anticoagu- 
lant. Thromboplastin assay of the patient s plasma compared with normal 
plasma and a standard preparation of Maltinc thromI)oplastin revealed low levels 
of available thromboplastin. Plasma stapiiylococcus coagulasc activator was 
normal. On two occasions electrophoretic studies revealed the presence of an 
abnormal fast component of the albumin fraction of the serum. Administration 
of a course of nitrogen mustard to the patient did not alter the clinical or lalmra- 
torj* findings. 

The defect in coagulation in this patient is the result of the presence of an 
abnormal circ’'\ 'The findings do not differentiate whether 

the mcchani.srr 1 .• •• of thromboplastin, (2) antagonism of a 

precursor of '• ; • , ■ . n antienzyme antagonistic to a platelet 

enzjTuc ncccssarj' for the convci*sion of thromboplastin precursor to thrombo- 
plastin. The end result, however, is a deficiency of tliromboplastic activity in 
the blood which produces hemophilic type of bleeding in tlie patient. 


39. CONTIIOL OF HEART RATE WITH AN INTRACARDIAC 
THEUMODE 

Herman IC. IIkllerstein, Jf.D.. and Irvino Liebow, H.D.. Clevel.^nd, Ohio 
(Introduced by Harold Feil, M.D.) 

Classical experiments of ^IcWilliam, Flack, and others liave shovu tliat tlic 
rhythmicitj' of the S-A node can be altered by thennal changes in excised and 
perfused licarts and in the exposed heart. We have devised a special thermode 
which can he placed in the region of the S-A node by venous (jugular, ])raehial) 
catheterization of the intact experimental animal. 

The thermode consists essentially of a 4 y 30 mm. copper U tu!)c attached to 
the cardiac end of a double lumen eatlietcr. The thermode temperature is regu- 
lated hy perfusing water of various temperatures f4 to 60° C.) through this 
closed system. In five Nembutalized, intact dogs, clianges in heart rate and in 
the form of the electrocardiogram were dotci mined by continuous tracings 
recorded before, during, and after thermal changes. In over 100 experiments, 
it was possible to vaiy* the rate at will, similar to experiments on exposed hearts. 

The most pronounced effects occurred when the thermode was located at 
the junction of the SVC and right atrium, in the region of the S-A node. There 
was a latent i)criod of two to twenty-five seconds. Clianges in rate were con- 
sidered to be due to alteration of the temperature of the region of the S-A node. 
Cold perfusion caused the sinus rate to decrease from the control level of 120 to 
140 to 90 to SO per minute. When the S-A node region was cooled excessively, 
the pacemaker shifted to the A-V node, ^vith a rate varjdng from 57 to 86 per 



1608 


CENTRAL SOCIETY FOR CLINICAL RESEARCH 


mimite. Hot perfusion increased the sinus rate to a maximum of 200 to 232 per 
minute at 45 to 55° C. The acceleration produced by heating was relatively 
greater and pci’sisted longer tlian the slowing produced by cooling. 

Mai’ked changes in rate occurred without T-wave alteration. However, in 
some experiments, when perfusion was rapid, there were T-wave changes which 
indicated that thei’e had been sufficient temperature change of the lilood passing 
the thermode to alter the rate of repolarization of the subendocardial lamina. 
Tlius, in accordance with our previous observations, cold perfusion produced 
large negative T waves in cavitary leads and tall positive T waves in extra- 
cavitary leads; heating produced opposite changes. 

The intracardiac thermode maj' prove valuable experimentallj' and thera- 
peutically. 


40. THE EFFECT OF RUTIN ON THE HEMORRHAGIC PHENOMENA 
OF EXPERIMENTAL MALIGNANT HYPERTENSION IN THE DOG 

H. K. Hellerstein, M.D. (By Invitation), and J. L. Orbison, M.D. (By 
Invitation), Cleveland, Ohio, and S. Rodbard, kl.D. (By Invitation), 

M. IViLBURNE, M.D. (By Inittation), and L. N. Katz, M.D., 

Chicago, III. 

A striking feature of the malignant phase of experimental Goldblatt hyper- 
tension is the occurrence of diffuse hemorrhages. The cause of these hemorrhages 
is unknovTi, usually being attributed to degeneration and necrosis of arteriolo.s 
and capillaries. 

In view of the contradictory reports concerning the effects of rutin in re- 
ducing capillary fragility and hemorrhage in the malignant phase of hyperten- 
sion in man, the following studj' was undertaken. Acute hypertension with 
uremia was produced by complete bilateral ligation of the renal arteries in 
sixteen dogs. Rutin wms administered subcutaneously, 200 mg. per day, as indi- 
cated in Table I. 

Table I 


NUMBER OP 1 

BOGS I 

RUTIN 

RECEIVED 

iiemorkhagic 

LESION’S 

PREOPERATIVELY 

1 POSTOrERATn’EIA' 

5 

0 

0 

Severe 

2 

0 

Daily 

Severe 

4 

3 days 

Daily 

Severe 

5 

10 days 

Daily 

None 


All the animals developed clinical uremia and hypertension, with death in 
three to six days. The tissues were studied as unlcnoivns. 

Severe hemorrhages in the gastrointestinal tract, heart, pancreas, urinary 
bladder, diaphragm, spleen, and adrenals, together with myocardial inflammation 
and necrosis, were seen in the fii’st three groups. By contrast, the animals pre- 
treated with rutin for ten days showed complete absence of cardiomyopathy and 
of the hemorrhagic changes. As a result of the complete obstruction of the mam 
renal arteries, coagulation necrosis of the renal cortex and medulla, with an 
unexpected sparing of the corticoincdullaiy junction, was noted. 

These experiments demonstrate that the hemorrhages usually seen in acute 
experimental malignant hypertension were prevented by pretreatment with 
ratin for ten day’s prior to operation. This protective action may^ be due to a 
stabilizing effect of rutin on the ground substance of the arterioles and pf the 
pei'ieapillaiy sheath. The fact that a shorter period of pretreatment did not 
provide protection suggests that all our animals were relatively’ rutin deficient 
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and that saturation required more than three days of pretreatmeiit. The con- 
tradictory reports on the effect of rutin in malignant hypertension in man may 
also depend upon the relative rutin deficiencies in the patients studied. These 
experiments call attention to the possibility that the several dietary regimens 
now being used in the treatment of hypertension may he defieient in rutin and 
possibly other metabolites. 

41. A CLINICAL EVALUATION OP THE BLOOD 
“SLUDGE” PHENOMENON 

John S. Hirschboeck, and JIayo Woo, M.D. (By Invitation), 

JkllLWAUKEE, WiS. 

The bulbar conjunctival capillaries of a variety of medical patients were 
observed .with the capillary microscope. Eiythrocyte sedimentation rates, 
erythrocyte counts, and scrum pi-otcin determinations were made within a few 
days before or after the observation of the cii'culation in the capillaries. ^lorc 
than 1,200 observations were made. 

In general, the degree of “sludging” was directly proportional to the sedi- 
mentation rate. “Sludging’* was observed in a wide variety of pathologic con- 
ditions. Patients with hyporglobulincmia usually had an increased sedimenta- 
tion rate and well-developed “sludge.” Anemia usually caused an increase 
in “sludging” and sedimentation, whereas crythrocytosis (polycythemia vera or 
congenital heart disease) always produced an opposite effect. 

A discrepancy between the degree of “s^ludging” and the sedimentation rate 
occurred in 17.6 per cent of the 619 eases studied. In 5.5 per cent of the cases 
there was a minimal degree of “sludging” with a rapid sedimentation rate. 
Pneumonia was the most frequent diagnosis in this group. In 12,1 per cent of 
the eases well-developed “sludging” with a slow sedimentation rate occurred. 
Heart failure and hepatic cirrhosis were the most frequent diagnoses in this 
group. Well-developed “sludging” in the ai)scncc of a rapid sedimentation rate 
is probably the result of stasis in the eapillaries. 

These observations indicate that blood sedimentation and blood “sludging” 
have a common cause which, according to Fahrncus and others, is increased 
rouleaux aggregation. 


42. FURTHER EXPERIENCES IN THE lilANAGElMBNT OF LOWER 
NEPHRON NEPHROSIS 

WiLLTAJi S. Hoffjian, !M.D., Arthur Bernstein, lil.D. (By Invitation), 
Lionel Bernstein, ^I.D. (By Invitation), and Philip B. O’Neill, IM.D. 

(By Invitation), Chicago, III. 

Lower nephron nephrosis was found to occur after a variety of shocklike 
episodes, only a few of which were associated with muscle injury or destruction 
of blood cells. It was seen in lobar pneumonia, acute pancreatitis, acute enteritis, 
and diabetic coma. The condition was at times difficult to distinguish from other 
diseases producing oliguria and hematuria, such as acute glomerulonephritis, 
and bilateral papillary* necrosis. Factors producing rapid dehydration and so- 
dium loss, whicli ordinarily lead to so-called extrarenal azotemia and which 
respond to fluid and salt administration, could in more fulminating episodes 
l)roducc true lower nephron nephrosis. The ultimate clinical diagnosis in the 
patients who survived rested on the finding of severe oliguria from five to thir- 
teen days unresponsive to management, with spontaneous and progressively 
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increasing diuresis, and with poor renal function even after suhsidence of 
blood nitrogen levels, which function slowly but ultimately returned to normal. 

The original illness which brought on the lower nephron nephrosis was im- 
portant in the prognosis. If infection or trauma persisted throughout the period 
of oliguria, tissue bi’eakdown was excessive and blood nitrogen levels rose pre- 
cipitously. These patients died in uremia and heart failure under conditions in 
which previously well persons might easily survive. All five deaths in our 
series of eighteen patients occurred with such complications. All patients 
ivhose oliguria was associated 110111 self-limiting or controllable conditions, like 
that of hemorrhage, transfusion reaction, or controllable infection, survived. 

We continue to advocate only conservative management in these eases. In 
the first six cases, .successful resistance to the ravages of uremia was achieved by 
slow induction of edema of nearlj'- normal electrolyte composition. In the 
later cases, the same results ivere accomplished by raising sodium levels to nor- 
mal by intravenous injections of small quantities of 3 per cent sodium chloride 
and by oral sodium bicarbonate. Thus edema ivas kept at a minimum.' We con- 
tinue to allow a soft diet ad libitum and believe the slight increase in blood 
nonprotein nitrogen concentration and edema thereby imoduced less harmful 
than the weakness, thirst, and anxiety produced by water and food deprivation 
advocated by others. Watchful symptomatic treatment of the emei’gcncies of 
in-emia still remains an important factor in sueeessful management. 


43. TURBIDIMETRIC DETEBJIINATION OF SERIBI GAJIhlA . 
GLOBULINS AS CHECKED BY ELECTROPHORETIC ANALYSIS 

J. DE LA Huerga, M.D. (By Inmtation), and Hans Popper, M.D., Chicago, III., 
AND Murray Frankian, M.D. (By Invitation), Iowa City, Iowa 

Recently a simple method for turbidimetric estimation of the gamma globu- 
lins ivas described by Huerga and Popper. It folloivs closelj’' the procedure of 
the thymol turbidity test and is based on recording of a precipitate which forms 
if serum is diluted with an ammonium sulfate-sodium chloride solution, simulat- 
ing the chemical determination and jmrtition of gamma globulins by Wolfson, 
Cohn, and others. The results of the turbidimetric method were found identical 
with this chemical method. The latter is supposed to give comparable results 
with electrophoretic partition. Nevertheless, the direct results of the turbidi- 
metric readings for gamma globulins ivere compared with the results of electro- 
phoretic partition in 163 blood specimens of 134 cases which included normal 
subjects, patients witli various liver diseases, multiple myeloma, and miscel- 
laneous disorders. In 58.1 jier cent of the cases the difference between the results 
of the electrophoretic determination in plasma and the turbidimetric in senim 
was less than 15 per cent; in 71.5 per cent, less than 20 per cent. The results 
were not comparable at all in only 3.7 per cent of the cases, varying more than 
50 per cent. The mean difference between the turbidimetric and electrophoretic 
method in per cent was 17.0 ± 15.3, the electrophoretic method giving slightly 
higher values on the average. In thirty-seven cases in which both determinations 
were performed in serum, the mean difference wms 13.5 ± 8.4 per cent. The dif- 
ferences were not more marked in pathologic conditions than under norriial 
circumstances. Tliis comparison indicates that the simple gamma globulin tur- 
bidity test may replace the electrophoretic determination of gamma glolmlins in 
clinical use. The results of the gamma globulin turbidity test are not identical 
with those of the sine sulfate turbidity test of Kunkel, especiallj^ in hepatic dis- 
orders, since the latter may appear depressed in intra- and extraliepatic obstruc- 
tive jaundice. This depression indicated b.v an abnormally low ratio between 
zinc sulfate and gamma globulin turbidity ma 3 - therefore have diagnostic sig- 
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nificaiice. The normal gamma glohuliu turbiditj” values range between 0.60 and 
1.25 Gm. per 100 mi. of scrum, Anj* elevation above this level is significant. 
The gamma globulin turbidity values arc markedly elevated in liver disorders, 
especially in cirrhosis and viral liepatitis, and also in rheumatic diseases, several 
forms of chronic tuberculosis, collagen diseases, chronic skin diseases, and 
other chronic infections. Comprehension of the exact diagnostic value of eleva- 
tion of the gamma globulin turbiditj’ in the latter conditions requires additional 
investigation. 


44. AN UNUSUAL CLINICAL PICTURE RBSEJiIBLING PROLONGED 
SERmi SICKNESS “THOUGHT TO BE CAUSED BY TRICHINOSIS” 


John S. Hunt, M.D., New Orleans, La. 

A yonng Negro laborer, pieviously well except for nonscasonal attacks of 
asthma since childhood, was hospitalized with an illness of one month ^s duration, 
characterized by an abrupt onset of fever, migrafoiy arthritis, and severe pain 
and tenderness in the leg muscles. He had received no scrum or drugs prior to 
this illness. When first seen, the muscle pain had largely subsided, but he had 
persistent fever and arthritis, and physical examination revealed, in addition, 
pronounced enlargement of subcutaneous Ijunph nodes. There was no rash or 
demonstrable edema. The clinical picture suggestive of serum sickness w’as sup- 
ported by laboratory’ observations of marked leucocytosis ; cosinophilia of 4 to 8 
per cent ; marked elevation of scrum gamma globulin, as evidenced by the zinc 
sulfate turbidity test; and the presence of sonim hctcrophile agglutinins, of the 
Forssman type, in rising titer. Lymph node biopsy in the fifth week of illness 
showed marked hyperplasia, and muscle biopsy in the sixth week revealed no 
trichinae or arteritis. There was a strongly positive, immediate reaction to 
dilute trichina antigen in.i’ectod intradcrniany. An electrocardiograph showed 
changes in T waves and QRS complexes suggestive of myocardial disease. Fever, 
leucocytosis, and joint pains slowly subsided over a six-week period, and there 
was a gradual decrease in the size of the lymph nodes Pyribenzamine treatment 
during the stage of acute illness resulted in a slight decrease in fever and a 
definite improvement in the arthritis, pain, and objective joint changes decreas- 
ing promptly and recurring explosively, on two occasions, after withdrawal of 
the drug. 

On re-examination, eight months after the onset of the illness, he was asymp- 
tomatic and showed, on examination, nothing abnormal except for palpable 
lymph nodes of much smaller size. The leucocyte count was normal, but with 
4 to 5 per cent eosinophiles. Hctcrophile agglutinins had disappeared from the 
serum. The electrocardiograph now showed a P-R interval of 0.22 second. 

Trichinosis is suggested as the probable cause of this illness on the basis of 
the mnscle pain and tenderness at its onset, the strongly positive intradcrmal 
test vutli trichina antigen, the persistent cosinophilia, and tlie electrocardio- 
graphic abnormalities. This suggests the possibility that, on occasion, the clini- 
cal pieUu’C of trichinosis may be chiefly one of hypersensitivity to the trichina 
antigen. In this connection, the report of Reimann, Price, and Herbut,on the 
association of trichinosis witli lesions of periarteritis nodosa is of interest. 
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45. FLUID AND BLECTEOLYTE BALANCE IN THE BIANAGEBIENT OF 
ACUTE RENAL INSUFFICIENCY 

Lloyd T. Iseri, SI.D. (By Invitation), Albert J. Boyle, Ph.D., M.D. (By 
Invitation), Thomas M. Batchelor, M.D. (By Invitation), Samuel D. 

Jacobson, SI.D., and Cordon B. Myers, M.D., Detroit, Mich. 

Studies of Na, K, Cl, N, and ivateT balance were carried out for periods of 
four to sixteen days in four patients with severe acute renal insufficiency due to 
lower nephron nephrosis; studies of sodium and water balance ivere continued 
for longer periods in these patients and in si-x additional ones. Calculations of 
extracellular-intracellular partition of water, sodium, and potassium were made 
in the four patients according to the method of Harrow. 

Marked fall in plasma sodium was encountered during the oliguric phase 
as well as during the diuretic phase. The drop during the oliguric phase was 
due partly to dilution in extracellular fluid and partly to intracellular migration. 
The drop during the diuretic phase was tracealile to the inability of the damaged 
kidney to retain sodium. Spontaneous resumption of capacity to conserve so- 
dium tended to occur about five to seven days after the onset of diuresis. The 
importance of following pla.sma sodium levels and using these as a guide in the 
treatment will be stressed. Another cardinal feature in the treatment, namely, 
the daily calculation of fluid balance and utilization of this as an index to fluid 
intake, will also be brought out. 

The plasma potassium did not rise to toxic levels in any of our cases. In 
one patient who ivent through ten days of extreme oliguria folloiving circulatory 
collapse duo to diabetic coma, the plasma potassium remained below toxic levels 
as a result of intracellular uptake of potassium which was released from en- 
dogenous protein catabolism. Impairment in capacity to conserve potassium 
was demonstrated during the diuretic phase and in some cases necessitated ad- 
ministration of supplementary potassium chloi'ide to combat hypopotassemia. 


46. THE EFFECT OF X-IRRADIATION ON ANTIBODY FORMATION 

L. 0. Jacobson, M.D., M. E. Robson, B.S. (By Invitation), E. K. Ma.kks (By 

Invitation), and 51. C. Goldman, B.S. (By Invitation), Chicago, III. 

Hektoen, in 1915, first demonstrated that total body exposure of expei’i- 
mental animals to ionizing radiation suppressed the usual antibody response to 
antigens injected shortly before or shortly after irradiation. Hektoen ’s obser- 
vations led him to ascribe this suppression to the destructive effect of radiation 
on the lymphatic tissue. _ ... 

This communication relates an attempt to study the capacity of the rabbit 
to form antibodies during a period in which all Ijnnphatic tissue of the body, 
with the exception of the spleen or appendix, is essentially destroyed. 

Young adult rabbits were given 800 r. total body _x-irradiation (250 kv.) 
tiventy-four hours prior to intravenous immunization with sheep cells (1 c.c. oi 
a 2 per cent suspension). Hemolysin titers were determined on serum obtained 
before immunization and at seven, fourteen, twenty-one and twenty-eight days 
afterward. Animals thus irradiated and immunized either developed no demon- 
strable hemolysin titer or developed titers of 1 to 80 or 1 to 40 which ivere denion- 
strated on the twenty-first day and the twenty-eighth day, respectively, alter 
immunization. In the normal animal hemolysin titers of 1 to 5120 were pro- 
duced by the fourteenth day after the intravenous administration of the antigen, 
diminishing to titers of circa 1 to 160 by the tw^enty-eighth day._ Rabbits given 
SOO r. total body x-irradiation exclusive of the surgically mobilized, lead-pro- 
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tectcd spleen or appendix produce antibodies to this antigen in a manner com- 
parable to normal nonirradiated control animals except that the maximum titer 
of 1 to 5120 is usually readied on the twcnty-fii*st day rather tlian on the four- 
teenth. Surgical mobilization of the spleen or appendix was performed while 
the animals were under Nembutal anesthesia. In the experiments invohing 
spleen protection, the spleen was drawn through a left upper quadrant incision 
and placed in a lead box, one-fourth inch thick with an opening for the pedicle 
only, during the period of irradiation. In tlic experiments involving appendix 
protection, the method was similar except that the appendix was drawn through 
a right lower quadrant incision and a cjiiiidrical lead shield, open at one end, 
was used. 

These experiments corroborate Hektoen’s original classic findings that anti- 
body formation is suppressed by total bodj’ x-irradation. In addition, it has 
been demonstrated that if the spleen or appendix of the rabbit is protected by 
lead shielding during irradiation of the balance of the body, tlic capacity to pro- 
duce antibodies to an injected particulate antigen in an essentially normal man- 
ner is retained, even though lymphatic tissue elsewhere in the l)ody is largely 
destroyed. 


47. EENAIj and EXTRARENAL DISPOSAL OF CHORIONIC 
GONADOTROPIN IN THE IMMEDIATE POST-PARTUM PERIOD 

Carl E. Johnson, M.D. (By Invit.vtion), A. Albert, Pii.D., M.D., and 
Robert B. Wilson, Jl.D. (By Invitation), Rochester, Minn. 

Tlie fate of chorionic gonadotropin in the human being lias not been well 
established. Not more than 20 per cent of chononic gonadotropin administered 
parenterally to men appeared in the urine.* Similar experiments in nonpreg- 
nant women indicated occasionally much larger urinary recoveries, leading to 
the view that relatively little destruction or utilization of the hormone occurred 
in the body.t The foregoing results, however, are not necessarily applicable 
to the fate of the hormone during pregnancy. 

We have studied the renal and extrarenal disposal of chorionic gonadotropin 
in fifteen pregnant women. Starting immediately on placental dcliveiy, samples 
of venous blood were taken at three-hour intciwals for two or more days. Urine 
was similarly collected liy an indwelling catheter for three or more days. Bio- 
assay of the serum and urine for chorionic gonadotropin was performed by 
Albert’s method t The total circulating hormone was estimated at zero time 
(immediately after the delivciy of the placenta) by multiplying tlic determined 
concentration of hormone per milliliter of senim by the estimated serum volume. 
The total amount of hormone appearing in the urine was obtained by addition 
of the determined values for all samples. 

Tlio mean total circulating hormone for the fifteen patients was 36,245 I. U. 
Tlie mean urinary excretion was 2,105 I. U. Thus a mean of 5.8 per cent of 
the active circulating hormone Avas excreted in tlie urine; 94.2 per cent of it 
was disposed of extrarcnally, presumably by endogenous inactivation or destruc- 
tion. 

This conclusion was further box*nc out by analysis of tlic blood and urine 
curves following placental deliverj’ and by calculations involving the renal 
clearance of the hormone. In the immediate post-partum period, the renal clear- 
ance was 0.47 ml. per minute. At this rate, the serum would be entirely cleared 

•Friedman and AVeinstein: Endocrinology, 21: 489, 1937. 

tBradbnrj' and Brown: J. Clin. Endocrinol. 8: 1037, 1948; Lloyd and co-worRers: J. Clin. 
Endocrinol. 9; 268, 1949. 

tJ. Clin. Endocrinol. 8: G19. 194S. 
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of hormone in 106 hours, or cleared to the extinction point of the bio-assay in 
89 hours. The blood disappearance curves have a mean half-life of 3.4 hours, 
or a time for extinction of 9.3 hours, which is grossly incompatible with the 
time (89 hours) that would be required for reaching the extinction point if 
the removal of the hormone from the blood depended entirely on renal excretion. 
Thus, a major route of disposal of the hormone other than renal excretion of 
tlie active hormone is present. 


48. THE MEASUREMENT OP THE PERIPHERAL CIRCULATION 

A Quantitative Study 
Carl A. Johnson, M.D., Chicago, III. 

To date, the clinical measurement of the peripheral circulation is made by 
indirect means only. The instrumental methods most commonly used are skin 
temperature studies, oscillometry, plethj’smography, photelometrj’, x-ray visual- 
ization of the blood vessels, and the use of isotopes. 

It is not the purpose of the present paper to evaluate or discuss the relative 
merits of the various methods but to present a brief report on the results of the 
measurement of the peripheral circulation by a new method and to discuss the 
various components of the peripheral records such as amplitude, crest times, 
diacrotic notch, and the central pulse as related to the peripheral pulse. 

Slides wiU be sho^vn illustrating the quantitative measurement of the pul- 
satile peripheral circulation in patients with such diseases as hjqiertensive heart 
disease, organic occlusive arterial disease, cardiac arrythmias, and organic 
vahuilar disease. A few studies on the effects of smoking in sensitive subjects 
will be presented. 

A special adaptor, for the lantern slide projector, has been made for demon- 
stration purposes. By this means it is possible to project on the screen the 
circulatory changes from any location in the extremities. During the course 
of the discussion the circulatory changes from a normal subject udll be sho\vn, 
illustrating the speed and ease with which quantitatively calibrated records can 
be made. 


49. COOMBS TITER VARIATIONS IN ACQUIRED 
HEMOLYTIC ANEMIA 

William S. Jordan, Jr., M.D. (By In\utation), and 
John H. Dingle, M.D., Cleveland, Ohio 

The erythrocytes from seven of ten patients with acquired hemolytic anemia 
have shoivn agglutinability with antihuman serum rabbit serum (direct Coombs 
test). Of the three instances of hemoljdic anemia with negative Coombs tests, 
one was a severe but transient episode complicating pneumonia and empyema, 
one had persisted intermittently for six yeai-s in an individual with no family 
history of jaundice and a noimal erythrocyte osmotic fragility, and one oceurreo 
as the terminal episode in a patient ivith Hodgldn 's disease. 

Two patients with Hodgkin’s disease, one with carcinomatosis and one unth 
pernicious anemia, experienced hemolytic episodes associated with a positive 
Coombs test. Agglutination of their erythrocytes occurred only in low dilutions 
of rabbit serum and decreased or disappeared with the termination of the episode. 
Because commercially available antiglobulin serum failed to give similar reac- 
tions, the specificity of the local serum ivas cheeked against erj^throcytes from 
sixty patients obtained as random samples from the blood bank. Only one 
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sample, eiythrocytes from a female patient hospitalized for transfusion for 
anemia, gave a similar low titer reaction. Erythrocytes from fifteen anemic 
patients with carcinomatosis, Ilodgkin's disease, multiple myeloma, leucemia, 
Gaucher's disease, hypersplenism, and pernicious anemia, all without evidence 
of hemolysis, gave negative Coombs tests. 

In contrast to the low titer agglutination obseiwed in patients with sjmip- 
tomatic hemolytic anemia, erj’throcytcs from three patients with acute idio- 
pathic hemolytic jaundice were agglutinated by high dilutions of antiglobulin 
serum. The direct Coombs titers persisted at high levels in two patients sub- 
jected to splenectomy. The patient without demonstrable serum antibody ex- 
perienced partial remission; the patient with serum auto- and iso-agglutinins 
was not benefited. A third patient, without splenomegaly, received nitrogen 
mustard. This did not alter the Coombs titer or the degree of hemolysis and 
produced a fatal tliromboc 5 ’topcnia. 

It is concluded that not all patients ^vith acquired hemolytic anemia have 
positive Coombs tests, and that potent antiglobulin scrum is nceessaiy to obtain 
positive tests in certain other cases. In those cases with low titer agglutination, 
the finding of a positive Coombs test was correlated with the presence of a he- 
molytic episode. In two patients showing high titer agglutination, splenectomy 
did not lower the agglutination liter of their erythrocytes in antiglobulin serum 
but did lead to a beneficial decrease in the rate of crj'throcyte destruction in 
ono case. Additional study is necessary to detenuine the effect of detectable 
scrum agglutinins on the rate of hemolysis following splenectomy. 

50. CLINICAL EXPERIENCE WITH A NEW ANALGESIC AGENT 

Charles L. Junkerman, 1\I.D., Rorert C. Heen, M.D., and 
Herbert W, Poiii.e, JI.D., Milwaukee, Wis. 

(Introduced by F. W. Madison, IM.D.) 

Clinical trial of a new analgesic, 3-hydroxy-N-mcthyl-morphinan-hydro- 
bromidc (NU-2206), has been carried out. Of thirty-five patients studied, 
eleven had advanced malignancy, nine were postoperative, and the remaining 
fifteen had pain from a variety of causes including renal colic, lupus erythema- 
tosis, peripheral vascular disease, rheumatoid arthritis, fracture, myocardial in- 
farction, and congestive heart failure. Experience thus far indicates that the 
drug has approximately three times the analgesic potency of morphine. In 
seven patients relief of pain was inferior to that obtained when comparable 
dosage of other analgesics w’as used. Nausea and vertigo were encountered 
though less commonly than with morphine, Dilaudid, or Pantopon. When used 
over a long period of time, tolerance developed and the dosage had to be in- 
creased. Euphoria was noted in only four patients. One patient with advanced 
peripheral vascular disease received fourteen doses of 3 mg. and twenty-six 
doses of 5 mg. over a period of sixteen days. Following amputation on tlie 
sixteenth day, pain ceased and the drug w’as stopped without withdraw'al symp- 
toms. The most striking results were obtained in the group with advanced 
carcinoma where in many instances pain could be completely abolished without 
appreciable sedation or respiratory depres-sion oven wiien as largo a dose as 
20 mg. was given. 

No major toxic effects have thus far heen observed. 
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51. THE EPPECTS OP COLD ON MAN: SPECULATIONS ON DISEASES 
OF COLD TEMPERATE CLIMATES, NUTRITION, AND 
THE PITUITARY-ADRENAL AXIS 

Robert M. Kark, D.C.H., Robert E. Johnson, "M-D, (By Invitation), 

Chauncey G. Bly, M.D. (By Invitation), and C. Prank Consolazio 
(By Invitation), Chicago, III. 

Investigations on healthy young men expo-sed to the cold have uncovered 
adaptative changes which might provide clues for undenstanding the genesis of 
some diseases most prevalent in cold temperate climates. For example, it has 
been established for troops in the field that the volnntaiy caloric consumptoiu 
is greater the colder the climate. Among men traveling in extreme cold theie 
are, on occasion, alterations in water metabolism and electroljde balance, crea- 
tinnria, retention of ascorbic acid, and other changes reminiscent of those 
obseiwed in injiuy and other stress. Recently, metabolic elianges were observed 
in thirty-two lieat-acelimatized men abruptly exposed to a cold climate (mean 
temperature, -26° P.) for twelve days. The results were similar in many 
respects to those in man after injection of adrenocorticotrophic hormone and 
to the "general adaptation syndrome" of animals during stress. Statistically 
significant res])onses during the first day included hypothermia, diuresis, 
hemoconcentratiou, eosinophilopcnia and lymphopenia, neutropliil leneocj'tosis 
with increase in the percentage of young cells, hj'peniricemia, hyperplios- 
lihatemia, and hyperkalemia, ’ hypochloremia, transient re- 
tention of sodium and chlorid- , • ■ . • • of ascorbic acid in the blood. 

Most of these changes reverted to normal after two days of exposure. How- 
ever, ill the last six days of exposure there were an increase in Iddne}’’ and 
adrenocortical activity, a test dose of water being excreted rapidly at very low 
specific gravity; continued eosinophilopcnia and lymphopenia; and continued 
hyperuricemia and hj'iierphosphatemia. 

Mills and others have shmra that diabetes, hyperthyroidism, pernicious 
anemia, Addison's disease, and leuceuiia are most prevalent in cold temperate 
climates, especially so in populations exposed to wide seasonal and diurnal varia- 
tions in temperature. There are other chronic disordei’s such as multiple 
sclerosis, the rheumatic diseases, and certain cardiovascular diseases which have 
a geographic distribution similar to that of the five diseases just mentioned. 
In man, acute exposure to cold has been said to precipitate pneumonia, nephritis, 
and attacks of gout. 

We accept the concept that elimatic or environmental stresses are related 
to the gene.sis of certain disease processes in man. We would alter the hypoth- 
esis of Mills and others that the development of many diseases is directly 
related to the metabolic load imposed by stimulating climates to the hypothesis 
that exposure to cold stimulates the pituitary-adrenal axis. There may then 
occur pathologic changes, some of whicli have alread.v been detected in studies 
of the "general adaptation syndrome," 
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52. PATHOLOGIC AND ELECTROCARDIOGRAPHIC STUDY 
OP THE AURICLES 

Joseph Kaupjian, M.D. (By Invitation), and Ralph C. Scott, M.D. 

(By In\’itation), Cincinnati, Ohio 

(Introduced by Johnson HcGuire, !M.D.) 

By ciHTcnt stfiiidavcls, auricular disease is said to exist when the P wave in 
any of the standard leads exceeds .12 second in duration, or 3 mm, in height. 
The validity of these criteria were studied as follows : 

1. Two hundred electrocardiograms on normal subjects ranging from 
birth to 20 years of age were examined. None of the 200 electrocardiograms 
exceeded the accepted criteria for auricular damage. 

2. One hundred electrocardiograms in which the P-wave measurements ex- 
ceeded the limits mentioned were chosen by random selection. They were 
classified according to the clinical diagnoses. Abnormal P waves were found 
in 5 cases of myocardial infarction, 28 cases of hypertensive arteriosclerotic 
heart disease, 19 cases of rheumatic heart disease, 4 eases of congenital heart 
disease, 9 cases of cor pulmonale, and in 35 cases comprising a miscellaneous 
group (beriberi heart disease, thyrotoxic heart disease, etc.). Broad P waves 
were recorded three times as frequently as tall P waves. 

3. Necropsy findings in 122 unselccted cases of heart disease were cor- 
related with the P wave in the electrocardiogram. There were 42 cases of 
myocardial infarction, 28 eases of hypertensive arteriosclerotic heart disease, 
25 cases of congenital heart disease, 15 cases of rheumatic heart disease, and 
12 cases of cor pulmonale. Pathologic abnormalities of the auricles were found 
in 58 cases and consisted of dilatation, hypertrophy, intra-auricular throm- 
boses, endocardial thickening, or combinations thereof. P-wave abnormalities 
were present in 28, or 49 per cent, of these cases. Where electrocardiographic 
and pathologic findings co-existed, there was no correlation between the type 
of P-wave abnormality and the particular pathologic change recorded. Elec- 
trocardiographic evidence of auricular abnormalities was present in 42 cases 
of the entire autopsied scries. In 14 instances of these 42 cases, or 33 per cent, 
pathologic confirmation was absent. There were 50 cases in the series of 122 
in which neither pathologic nor electrocardiographic evidence of anrienlar 
abnormalities was demonstrjiblc. 

It was concluded that (1) abnormal P-wave changes may occur in the 
absence of gross pathologic changes in the auricles; (2) normal P waves may 
exist in the presence of gross pathologic changes in the auricles; (3) no cor- 
relation existed between the auricular chamber involved and the particular 
lead in which P-wave abnormalities were found. 


53. THE PRESENCE OF A PHOSPHATASE IN THE HUiMAN 
AORTIC WALL 

Esben Kirk, ^M.D., and E. Praetorius, 3M.D. (By Invit.vtion)* St. Louis, Mo. 

The failure to demonstrate a phosphatase in the Imman arterial wall has 
been a subject of significance in the discussion of the pathogenesis of arterial 
calcification. Since previous investigations appear to have been performed 
only at alkaline reactions, a study was undertaken covering a wider pll range. 

After removal of the adventitia and the external part of the media from 
human aortas obtained at antopsy, the remaining part of the tissue was ground 
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finely witli water in a Pyrex grinder and the samples were centrifuged. For 
study of the enzjnnatic activity portions of the supernatant solution were added 
to citric acid sodium hydroxide and Veronal sodium carbonate buffers, covering 
the pH range 3.1 to 10.1. Disodium phenyl phosphate was used as a substrate. 
Duplicate samples, controls, and blanks were run at each pH level examined. 
The reaction was stopped by the addition of trichloroacetic acid and the 
phenol content of the filtrates determined by Folin and Cioealteus’s method. 
The enzymatic activity was estimated by subtracting the color of the controls 
from that of the samples. 

The studies showed a significant phosphatase activity with a maximum at 
pH 5.7 to 5.8. At this optimal pH level a fair proportionality was observed 
between the amount of supernatant fluid used and the phosphatase activity 
and between the reaction time and the enzyme activity. 

54. THE DIAGNOSTIC VALUE OP HIGH PRECORDIAL LEADS 

Howard A. Klein, M.D. (By Invitation), and Gordon B. Myers, M.D., 

. ' Detroit, Mich. 

High precordial leads taken at the intersections of vertical lines through 
the V 3 , Vi, Vs, and Vc positions with a horizontal line at the junction of the 
third interspace and sternum have been obtained on approximately 4,000 pa- 
tients. The findings in these leads were correlated with those in the_ customary 
preeordial and Goldberger limb leads and mth the pathologic findings in 300 
cases that came to autopsy. 

Cardiac rotation appeared to have a greater influence on the QRS pattern . 
in high preeordial leads than in those taken in the usual positions. Clockwise 
rotation displaced the transitional zone farther to the left in high than in the 
customary preeordial leads and often led to the registration of an RS pattern, 
typical of the potential variations of the epieardial surface of the right ven- 
tricle, in leads high in the axilla as well as in a Vi,. Counterclockwise rotation 
tended to shift the transitional zone farther to the right in the high than in 
the routine preeordial leads. 

High preeordial leads were of particular value in the detection of in- 
farcts localized to the basal portion of the anterior or lateral walls of the left 
ventricle, as demonstrated by pathologically proved cases \vith diagnostic 
signs in high preeordial but not in the routine preeordial or limb leads. 

High preeordial leads were also of value in the estimation of the basilar 
extent of anterior or lateral apical infarcts, as illustrated by eases of localized 
anterolateral apical infarction, showing diagnostic patterns in the customary 
but not in the high preeordial leads and extensive anterolateral infarction itith 
diagnostic patterns at both levels. The differentiation from high preeordial 
lead patterns due to right and left ventricular hypertrophy and right and left 
bundle branch block is illustrated. 

55. STUDIES ON THE RENAL TUBULAR TRANSPORT 
MECHANISM FOR GLUCOSE 

Jules H. Last, 5I.D., Paul Jordan, M.D., Isadore Pitesky, B.S., 

Gordon Johnson, B.S., and Elaine Gianas, R.Ph., Chicago, III. 

(Introduced by Robert W. Keeton, M.D.) 

Recent observations by Conn and co-workers indicate that the admin- 
istration of adrenocortieotrophic hormone (ACTH) to normal human sub- 
jects results in a diabetic state. In addition to hyperglycemia, ACTH is he- 
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lieved to decrease renal tubular resorption of glucose. Glutathione an- 
tagonizes this effect of ACTH presumably b 5 ’’ reversing the inhibitory action 
of ACTH on tubular transport mechanisms. 

Hyperglycemia has been reported to effect adrenal-cortical discharge as 
reflected by a fall in the lymphocyte count in the rat and also in man. Thus 
hyperglycemia in itself can be considered as a stress phenomenon. 

To obtain quantitative data on the effect of adrenal-cortical discharge on 
the tubular mechanism for glucose, it was planned to do Tm^ determinations 
in trained dogs before and after the administration of epinephrine. A pre- 
liminary experiment resulted in a 70 per cent drop in the Tmg and a 77 per 
cent drop in the eosinophil count, following the intravenous infusion of 
epinephrine (5 gamma per kilogram per minute for one hour). Eight periods, 
fifteen to twenty minutes in duration, were conducted in each experiment over 
a five-hour period of glucose infusion. The Tm^ values for the last two to 
three periods were ■within normal limits as reported for the dog (200 to 300 
mg. per minute). In five of six dogs, the initial two to three periods showed 
depressions of the Tmg ranging from 33 to 59 per cent. Tmg values as low as 
92 mg. per minute have been obtained under these conditions despite glucose 
loads of 1.5 to 2.0 times the animal’s normal Tmg level. In contrast to the 
gradual rise in Tmg as a given experiment progressed, the eosinophil count fell 
continuously to a low value at the completion of each run. 

The marked depressions of tubular resorption of glucose seemed to co- 
incide wth high environmental temperatures. This is of interest since it is 
kno^vn that heat stress will fire the pituitary-adrenal mechanism. It is postu- 
lated that environmental heat stress in combination with the stress of hyper- 
glycemia may have been responsible for the anomalous Tmg observations noted 
in this series of dogs. 

5G. AN INDIRECT, QUANTITATIVE METHOD FOR THE ESTIMATION 

OP HEPARIN ACTnHTY IN AHTRO: CLINICAL APPLICATION 

George V. LeRoy, JI.D., Bernard Halpern, M.S. (By Invitation), and 
Ralph E. Dolkart, M.D., Chicago, III. 

Evidence has been presented which suggests that some hemorrhagic states 
are due to the presence of excessive amounts of heparin in the blood. In 
such conditions the antiheparin agents, prolamine sulfate and toluidine blue, 
may be of great value clinically. A laboratory procedure which will permit 
the selection of patients for this type of therapy and which can be used to 
control such therapy is desirable. A method is described which utilizes a 
modified “one-stage prothrombin time” type test. With this technique it is 
possible to detect the presence of heparin in amounts as small as 3.5 /ig per 
milliliter of plasma. Under the conditions of this test the ratio of the con- 
centration of protamine sulfate required to neutralize heparin added in vitro 
or in vivo is 1.5 :1. This ratio appears to be a constant. When the amount of 
protamine sulfate required to neutralize a certain amomt of added heparin 
is greater than that predicted by this ratio, it is concluded that the excess 
protamine neutralizes endogenous heparin. The utility of the test in the 
protamine sulfate therapy of certain hemorrhagic states is illustrated by case 
histories. In practice it has been possible to predict which patients will be 
benefited by the use of antiheparin agents. It has also been possible to de- 
termine the adequacy of the treatment, even in the absence of frank bleeding. 
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57. THE EFFECT OP ATROPINE SULFATE AND DIBUTOLINE ON 
THE NOCTURNAL GASTRIC SECRETION IN MAN 

Erwin Levin, M.D. (By Inittation), Joseph B. Kir.sner, M.D., and 
Walter L. Paljiek, M.D., Chicago, III. 

The effect of atropine and of atropine and adrenaline in oil on the fasting 
gastric secretion was .studied in forty-five patients liospitalized for peptic ulcer. 
Atropine administered parenterally in dosages of 1.0 to 2.0 mg. every 3 to 4 
hours exerted a variable effect. A depression in acid secretion occurred in ap- 
proxiniatel 3 '’ 33 per cent of the studies ; the effect was of short duration. In- 
creases in gastric seeretion were observed in approximately 26 per cent of the 
studies. Similar results were obtained with 2.0 mg. doses. The action of 
atropine upon the parietal cell appeared to be related to the state of activiW 
of the cells at the time of administration of the drug. Of the patients udth 
duodenal ulcer in whom a reduction was obtained, the secretory rate in 66 
per cent was less than the average hourlj' rate observed in such patients. How- 
ever, a depression in gastric secretion was not obtained uniformlj' in all in- 
dividuals with low rates of seeretion. The reduction in output -of acid in 
individuals with high secretoiy rates was associated with severe, symptoms 
of atropine toxieitj'. Atropine also was administered in doses of 1.0 mg. si- 
multaneously with 2.0 mg. of adrenaline in oil. No additive effect was noted 
insofar as the volume of gastric secretion was conceimed. However, the con- 
centration and output of acid were reduced more frecjuentlj' bj’^ the combina- 
tion of drugs than with atropine alone. 

The effect of a pharmacologically related compound, Dibutoline (Dibut.vl- 
urethane of dimethyI-ethyl-/?-hydroxj'eth.vl ammonium sulfate — Merck) on the 
nocturnal gastric secretion was studied in fifteen individuals. Dosages of 10 
mg. given intramuscularlj* every four hours during the night jdelded results 
similar to those obtained with atropine. Although a decrease in the output of 
acid was observed more frequent^’' with Dibutoline, the depressant effect, 
whenever it occurred, likewise was variable and of short duration. 


58. STUDIES OF BLOOD COAGULABIUTY AS INl^LUENCED BY 

DIGITOXIN 

IViLLiAit C. Levin, M.D., and Arthur Ruskin, M.D. (By Invitation) 

Galveston, Texas 

Digitoxiu was administered to all subjects used in this study bj'^ either 
the oral or parenteral route. In all instances studies of the coagulation mech- 
anism were pei’formed both before and after digitali ‘‘ ■ 

All subjects used presented no evidence of cardiac ■ ' 

thromboembolic disease. 

The bleeding time, prothrombin time, and coagulation time (Lee and 
White) were determined in five patients. Two of these patients received 0.6 
nig. digitoxin intravenously and three received 1.2 mg. digitoxin intra- 
venousljL The aforementioned studies were then determined at intervals of 
five to ten minutes, one hour, four hours, seven hours, and twenty-four hours. 
In no instance was there anj- significant decrease in the bleeding time, co- 
agulation time, or prothrombin time. 

Eleven patients were then studied with heparin tolerance estimations 
before and after receiving a full digitalizing dose (1.6 mg.) of digitoxin ad- 
ministered oralli- over a twenty-four hour period. No significant change in the 
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heparin tolerance curves was apparent after digitalization when the test was 
performed according to the method described by de Takats and associates 
In, order to make the method more sensitive, it was modified by using the Lee 
and 'White coagulation time. \Yitli this modification, six determinations on 
five patients revealed an increase in heparin tolerance, and seven determina- 
tions on six patients revealed a decrease in heparin tolerance. It is suggested 
that the wide variations in these data are due to variations intrinsic in the 
method rather than to the effect of digitoxin. 

The problem was then approached by studj'ing the prothrombin times 
by a modified Quick one-stage technique in twelve subjects. Following digi- 
talization with digitoxin, there were no significant alterations in the prothrom- 
bin times in any instance. After digitalization, the subjects were Dicu- 
mai’olized in the usual fashion. No inliibition of the effect of Dieumarol by 
digitoxin as measui’cd by the clTect on the prothrombin activity was evident. 

Three patients were given Dieumarol so that prothrombin activity was 
reduced to a range of 10 to 30 per cent. After stalnlization of prothrombin 
activity by the administration of maintenance doses of Dieumarol, each of 
the three patient.s was digitalized with 1.6 mg. of digitoxin given orally. 
In none of the three cases did the digitoxin appear to interfere with the effect 
of Dieumarol as rcffected by the prothrombin activity. 

Finally, the problem was approached by the determination of the coagu- 
lation time both by the conventiomal Lee and AVhite technique and in tubc.s 
treated with silicone for the puniose of simulating the endothelial lining of 
the vascular network. Ten j>aticnts were studied by this method for a three- 
day control period, It was noted that there was considerable variation in the 
coagulation times in the same individual from day to day. This variation was 
noted in both teehniciuos but was especially evident in the technique employ- 
ing test tubes treated with silicone These patients were then digitalized by 
tho oral adminlsraion of 1.6 mg. of digitoxin, and they were placed on daily 
maintenance doses of this drug. The coagulation time was studied daily for 
throe days according to the previously mentioned techniques. Again there 
were no consistent changes in the coagulation time as measured by either 
technique following the administration of digito.xin. 

It is concluded, therefore, that the methods used in this study have clcm- 
oustrated that digitoxin, administered either orally or intravenously, has no 
effect on the coagulation mechanism of the blood. Therefore, if digitalization 
is indicated, this study suggests that there should be no hesitation in carry- 
ing out this thei'apeutic procedure with a view that thromboembolism may 
result therefrom. 


59. THE USE OF AHODENUld IN THE TREATMENT OF 
ULCERATIVE COLITIS 

M. C. F. Lindert, M.D., and M. F. Kosz^vlka, M.D., SIilwaukee, AVis. 

(Introduced by Ab^iand J. Quick, M.D.) 

A continuous search is being made to find an adequate means of combat- 
ing the etiological factors of chronic idiopathic ulcerative colitis. Among the 
moi'C recent additions to our medical armamentarium is Viodenum. This 
substance is whole desiccated and defatted duodenum, which is believed to 
contain certain antisecretory and antiproteolj’tic factors. Thirteen patients with 
chronic ulcerative colitis in acute exacerbation were treated with Viodenum in 
addition to the commonly used therapeutic measures. Tablets were administered 
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onlj' after poivder had been given in the initial phase of the treatment and until 
the acute flareup had subsided. The results are as follows: (1) one patient 
showed no improvement; (2) exacerbation of the disease was noted in three 
instances, in one of which the tablets passed through the bowel without disin- 
tegration; (3) two patients were forced to discontinue treatment because of 
intolerance as manifested by nausea, diarrhea, and cramps; (4) definite clinical 
improvement was observed in six patients; (5) no definite opinion could be 
reached in two. 


60. THE EFFECT OF TETRAETHYTyAMMONIUlM BROlillDE ON THE 
CARDIAC OUTPUT OP NORMOTENSIVE AND 
HYPERTENSIVE PATIENTS 

Lawrence G. May, M.D. (By Invitation), Alene Bennett, B.A. (By 
Invitation), Raymond Gregory, M.D., Suin Yuan T.sai, M.D. (By 
Invitation), and Mary Lynn-Schoomer, B.A. (By Invitation), 
Galveston, Texas 

In a previous study we have shown that the fall in arterial blood pressure 
of normal and hypertensive patients induced by spinal anesthesia is not asso- 
ciated usually with a .significant fall in cardiac index. This evidence has been 
used to support our belief that the cause, or at least the sustaining cause, in 
essential hypertension is an increased vasomotor tone. In attempting further 
to elucidate the pathogenesis of essential hypertension, tetraethylammonium 
was used to lower the blood pressure in patients with essential hypertension, 
and cardiac output studies were made by the direct Pick method. 

Sixty-one cardiac outiiut measurements were made on nine novmotensivc 
and eleven hypertensive patients before, during, and after the intravenous 
injection of tetraethjdammonium bromide. The twenty patients were divided 
into four groups; sedated and unsedated hypertensives, sedated and un- 
sedated normotensives. 

In both the sedated and unsedated normotensives tetraethylammonium 
produced a fall in blood pressure but no significant fall in cardiac index. 
After recovery from the tetraethylammonium, as shown by the disappearance 
of tachycardia and the return of the blood pressure to or toward control levels, 
the cardiac index remained lower than either the control level or the level 
obtained during the tetraethylammonium effect. 

In the unsedated hypertensive group the control cardiac indexes were 
slight^ lower than in the normotensive or sedated hypertensive groups. 
During the tetraethylammonium effect the cardiac index showed little change 
andrin some cases rose to a level above that of the control value. 

In the sedated hypertensive group there was little fall in .the’ cardiac index 
during the tetraethylammonium period in spite of marked falls in the blood 
pressure. In no case in the whole series did the cardiac index fall below the 
normal limit during the tetraethylammonium effect. 

In both normotensive and hypertensive patients a sympathicolytie agent 
such as tetraethylammonium may produce a fall in blood pressure without 
significant fall in cardiac index. 


(To he concluded tn the Dcccmhcr issue .) 



AMINO ACID EXCRETION IN DEGENERATIVE DISEASES OP THE 
NERVOUS SYSTEM 


Huntington Porter, M.D. 

Boston, Mass. 

T he recent investigations of Uaman and Denny-Brown' and Cooper and co- 
workers' have shown excessive urinary amino acid excretion to be a con- 
sistent feature of hepatolenticular degeneration even in early and mild states 
of the disease. Occurrence of this amino-aciduria ivith only minimal evidence 
of general li%-cr dysfunction suggests that it may represent the result of a 
specific metabolic defect and that such defect may have a direct relationship to 
cerebral degeneration. It therefore seemed of interest to study amino acid 
excretion in a group of patients with other syndromes characterized by chronic 
neuronal degeneration, particularly those of familial type. 

A second type of metabolic abnorm.ality in Wilson’s disease is indicated 
by the marked increase in copper content of both brain and liver noted by 
Haurowitz,’ Glazebrook,‘ and in the well-controlled observations of Cumings.® 
Mandelbrote and associates® reported high urinary copper output in a single 
case of Wilson’s disease and found that in this condition, as in normal persons, 
the administration of BAB (2, 3-dimercaptopropanol) greatly increased copper 
excretion. BAL might thus provide a tool for the demonstration of a possible 
relation between these two established biochemical abnormalities. The effect on 
the amino-aciduria of a marked, though transient, disturbance of copper 
metabolism as produced by BAL was tlicreforc investigated. 

JIATEKUn AND METHODS 

Amino acid escretioa ivas studied in repraieBtatire cases of Huntington’s chorea, 
paralysis agitang, dystoaia musculorum deformans, familial spastic paraplegia associated 
Tvitli mental defect, and hepatolenticular degeneration. Urine samples were collected over 
a known time interval, usually between two and three liours. In all female subjects, and in 
male subjects uncooperative because of intellectual impairment, collection was by in-lying 
catheter. The total fasting urinary a-amino acid nitrogen excretion in milligrams per hour 
was determined by the ninhydrin-carbon dioxide method of Van Slyke, MacFadyen, 
Hamilton.^ Analyses for tryptophane were carried out by the p-dimethylamiaobenzaldehyde 
method of Bates, a after mercuric sulfate precipitation as described by Folin and Giocalteu.® 
Xanthurenic acid was tested for by the color reaction with ferric chloride reported by 
Lepkovsky and co-workers.^® Cliromatograpljic analyses for the presence of unusually 
large amounts of individual ammo acids were performed by the method of Dentu using 
the onc-dimensional technique with phenol as the solvent. In patients with hepatolenticular 

From the Neurological Unit, Boston City Hospital and the Department of Neurology, 
Han.'ard Medical School. 

'this work wag done with the assistance of a ^ant from the Harrington Fund and com- 
pleted during the tenure of a Public Health Service Postdoctorate Research Fellowship of the 
National Institutes of Health. 
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degeneration, copper was estimated by the diethyldithiocarbaniate method of Eden and 
Green.i2 Acid-cleaned glass and water redistilled over glass were used throughout in the 
collections and analyses for copper. Blank determinations were performed' to correct for 
minute amounts of copper in the reagents. 

KESULTS 

With the exception of hepatolenticular degeneration, none of the conditions 
studied showed a significant elevation in utinary total a-amino acid nitrogen 
excretion per hour when compared with control values on eight inditdduals 
which averaged 4.7 mg. per hour, range 3.5 to 6.8 mg. per hour (Table I). 
Excretion of tryptophane and xanthurenic acid did not differ grossly from 
normal with the relatively crude methods employed. Chromatographic studies 
gave no indication of excessive excretion of any one amino acid. The usual 
finding by this method was two distinct spots with Rf* values of about 0.34 and 
0.51, identified by superposition with Imowns as glycine and alanine. As in 
nonnal urine, a third faint spot with an Ef value of about 0.83 also was present 
occasionally. 


Table I. Total UnixARv a-Aiiixo Nituogeu in Decenerative Diseases of the 

Central Nervous System 


PATIENT 

a-N(ltG. PER HR.) 

1 PATIENT a-N(MG. PEP. HR.) 

Huntington’s chorea 


Dystonia musculorum deformans 

M. H. 

4.4 

E. S. 

3.2 


4.0 


2.3 




7.9 

B. G. 

S.8 

W. JIcC. 

3.0 

C. W. 

0.2 



T. B. 

4.4 

Familial spastic paraplegia 


3.5 

W. Mod. 

S.n 


3.7 


3.6 

Paralysis agitans 


J. J. 

4.1 

A. H. 

4.9 


4.0 


4.1 

Hepatolenticular degeneration 

19.4 

L. P. 

3.0 

A. G. 


3.6 


16.5 



B. E. 

11.0 



M. E. 

12.0 




13.7 


The average value of 14.5 mg. a-amino nitrogen per hour in the three cases 
of hepatolenticular degeneration confinns the marked increase in luinary total 
a-amino nitrogen excretion previously observed in this disease by Uzman and 
Denny-Brown, The absence of such a finding in tlie other conditions studied 
suggests that a-amino nitrogen determination may be of value in the differential 
diagnosis between Wilson’s disease and other diseases which occasionally give 
similar clinical pictures. 

The initial urinary copper values of 23.5 and 11.0 y per hour indicate a 
definitely increased copper excretion in hepatolenticular degeneration when 

•Rf indicates the ratio of the distance along the Alter paper moved by the amino acid to 
the tptal distance traveled by the solvent 
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compared ^vith control figures on four individuals averaging 5.3 y per hour, 
range 3.0 to 7.0 y per hour. These controls are in. good agreement with the 
more extensive ohscrvations of ^landelbrote and co-workers® who reported a 
normal average of 4.85 y per hour, range 2.1 to 9.0 y per hour. 

Administration of BAL sufficient to increase the copper excretion by more 
than seven times the pre-BAL figure did not reduce the amino-aciduria of 
hepatolenticular degeneration to the control range (Table II). In the first 
patient injection of BAL was followed by a reaction characterized by profuse 
sweating, congestion of the sclera, puffiness of the face, nausea, vomiting of 
about 100 c.c. of bright red blood, and almost complete anuria which persisted 
for about one-half hour. Intravenous saline infusion was started as soon as the 
severity of the reaction became evident. It is possible that the apparent drop 
in amino acid excretion in the first period immediately after BAL may be 
in part accounted for by this transient extreme oliguria. Subjective improve- 
ment, diminished tremor, and increased activity about the ward were noted in 
this patient following BAL, but it is possible that these changes did not exceed 
the range of natural fluctuation in the disease. This improvement has persisted 
during the five months of observation since BAL administration. In the second 
patient the dose of BAL was smaller, reaction was minimal, and urine volume 
was maintained by constant intravenous saline infusion throughout the experi- 
ment. Amino acid output under these conditions showed no significant change. 
Subjectively and objcctivelj' the clinical status of this patient remained unaltered. 


Table II. The Effect of BAL ok AMiNO-AciDur.A in HEPATOLENTicuLAn Degeneration 


time op collection period j 

(MIN.) 1 

nr.iNE volume I 

(ML. PER HR.) j 

1 a-AMlNO N I 

1 (MG. PER HR.) 1 


Patient A. G.: Received BAL 7 mg. per Kg. intramuscularly 


90 min. before BAL 

213 

16.5 

23 

BAL administered 




0*125 min. after BAL 

143 

lO.G 

181 

125-190 

495 

20.8 

133 

190-357 

439 

19.0 

61 

357-482 

322 

17.9 

40 

Patient E. R. : Received BAL 4 mg. 

per Kg. intramuscularly 


125 min. before BAL 

85 

11.0 

11 

BAL administered 




0-69 min. after BAL 

70.5 

11.7 

101 

69-131 

136 

14.5 

87 

131-256 

190 

12.3 

26 


It is necessary to emphasize that the small number of observations must 
limit conclusions from the data here reported. Further, chromatography and 
the methods used for estimating tryptophane and xanthurenic acid were em- 
ployed only as screening procedures to detect changes of marked degree. How- 
ever, they did serve to diminish the likelihood that alteration in excretion of 
individual amino acids was oceuring without change in the total a-amino 
nitrogen. The method used for determination of total a-amino nitrogen, on the 
other hand, is one of great precision which appears to exclude increase in total 
amino acid excretion in Huntington's chorea, paralysis agitans, dystonia muscu- 
lorum deformans, and familial spastic paraplegia and to differentiate these 
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degeneration, copper was estimated by the dietliyldithiocarbamate method of Eden and 
Green.i2 Acid-cleaned glass and water redistilled over glass were used throughout in the 
collections and analyses for copper. Blank determinations ^Yere performed' to correct for 
minute amounts of copper in the reagents. 

RESULTS 

With the exception of hepatolenticular degeneration, none of the conditions 
studied showed a significant elevation in urinary total a-amino acid nitrogen 
excretion per hour when compared with control values on eight individuals 
which averaged 4.7 mg. per hour, range 3.5 to 6.8 mg. per hour (Table I). 
Excretion of tryptophane and xanthurenic acid did not differ grossly from 
normal with the relatively crude methods employed. Chromatographic studies 
gave no indication of excessive excretion of any one amino acid. The usual 
finding bj^ this method was two distinct spots with Rf* values of about 0.34 and 
0.51, identified by superposition wdth laiowms as glycine and alanine. As in 
normal urine, a third faint spot with an Rj value of about 0.83 also was present 
occasionally. 


Table I. Total 'Umnahy a-Aiiixo Nitkooen in Degeneiiative Diseases oe the 

Central Nervous System 


PATIENT 

a-N(MO. PER HR.) 

1 PATIENT a-N(MG. PER HR.) 

Huntington’s chorea 


Dystonia musculorum deformans 

M. H. 

4.4 

E. S. 

3.2 


4.0 


2.3 




7.9 

R. G. 

3.S 

W. McC. 

3.0 

c. tv. 

5.2 



T. B. 

4.4 

Familial spastic paraplegia 


0.5 

W. MeD. 

0,3 


3.7 


3.0 

Paralysis agitans 


J. J. 

4.1 

A. H. 

4.9 


4.0 


4.1 

Hepatolenticular degeneration 

19.4 

L. F. 

3.0 

A. 6. 


3.6 


10.5 



E. R. 

11.0 



M. R. 

12.0 

13.7 


The average value of 14.5 mg. o-amino nitrogen per hour in the three cases 
of hepatolenticular degeneration confirms the marked increase in urinary total 
a-amino nitrogen excretion previously observed in this disease by Uzman and 
Denny -Brown. The absence of such a finding in the other conditions studio 
suggests that a-amino nitrogen determination may he of value in the differentia 
diagnosis between Wilson’s disease and other diseases which occasional!}' gB® 
similar clinical pictures. 

The initial urinary copper values of 23.5 and 11.0 y per hour indicate a 
definitely increased copper excretion in hepatolenticular degeneration when 

»Rf indicates the ratio o£ the distance along the filter paper moved hy the amino acid to 
the tptal distance traveled by the solvent. 
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X. Observations on the Use of a Pat Ejihlsion fob Intravekohs 
Nutrition in Man 

Sherwood AV. Gobens, M.D., Robert P. Geveb, Ph.D., 

LeRoy AV. Matthews, B.S., and Pbedbiok J. Stare, M.D. 

Boston, Mass. 

A n emulsion of fat consisting of 15 per cent coconut oil, 4.3 per cent dex- 
trose, and a combination of 0.5 per cent soybean phosphatides and 1 per 
cent polyglycerol esters as stabilizers was reported by this laboratory to have been 
administered successfully to animals (rats, cats, rabbits, and dogs) and to man.' 
The size of the fat particles of this emulsion was below 1 p in diameter for the 
most part and none were larger than 3 microns. The preparation of this emul- 
sion has been fully described in earlier papers.^' *’ ^ AVhile this emulsion (re- 
ferred to as Emulsion 41 in the earlier report') has repeatedly been used with 
success iu man, it was pointed out' that it was not completely satisfactory from 
the olinical viewpoint because after a period of approximately one month it 
developed pyrogemo properties. The purpose of this paper is to present addi- 
tional information on the use of Emulsion 41 in man, although neither the cause 
nor prevention, of the alow development of pyrogenic activity 'is yet clearly 
understood. However, these studies were all carried out with batches of emulsion 
less than four weelis of age and, hence, within the time period that it may bo 
used elinically without pyrogenic reaction. 

EXPERIMENTAL 

The emulaiott used in the present study wns of the composition of Emulsion 41J and 
iras prepared in this laboratory. Before clinical use, the sterility of each batch of emul- 
sion vras determined and the following routine tests were done: (a) rapid injection (15 
ml. per kilogram body weight) intravenously into three adult rats daily for seven days 
and subsequent post-mortem exomiaation, (b) rapid injection (15 to 20 ml. per minute) 
intravenously into one adult dog for two eucccssive days in an amount of 5 Gm. of fat 
per kilogram of body weight, and <c) rapid injection (10 ml. per kilogram body weight) 
intravenously into adult rabbits for pyrogenic assay. Every batch of emulsion had to 
pass satisfactorily all of these tests before it was used in the clinic. On the average^ an 
emulsion had been prepared for approrimately a week before it was used in man. Plastic 
disposable infusion sets were employed, and au infusion rate of 4 to 5 ml. per minute was 
used in adults and 1 to 3 ml. per minute in children, depending on the weight of the child. 
Viscosity of the emulsions was such that a No, 26 needle could be employed when 
necessarj'. 

From the Departmeut of Nutrition, Harvard School of Public Health, the Department of 
Biological Chemistry, Harvard Medical School, and the Medical Clinic, Peter Bent Brigham 
Hospital. 
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GORENS, GEYER, JIATTHFAVS, AND STARE 


Table I. Sumiiaby of Intravenous Administration op a 15 Per Cent Pat Emulsion 
(Emulsion 41) to a Variety op Patients 
(Each 100 ml. of emulsion provides approximately IGO calories) 


PATIENT AND DIAGNOSIS 

DAILY 

QUANTITY 

OF FAT 
GIVEN I.V. 

RATE 

OP 

INFU- 
SION 
(MU/ 
MI NO 

DAYS 

INFU- 

SION 

GI\'EN 

REACTION OF 
PATIENT 

Pt. 1 (4B70S), 37 kg., 54 yr., W., F.: 
Anorexia and weight loss due to 
intractable epigastric pain 

500 ml. 

4-0 

10 

None 

Pt. 2 (4B529), 40 kg., 24 yr., W., M.: 
Ileostomy for ulcerative colitis 

000-900 ml. 

4-5 

10 

None 

Pt. 3 (H9129), GO kg., 73 yr., W., M.: 
Carcinoma of the rectum with 
motastases 

.300-400 ml. 

4-5 

10 

None 

Pt. 4 (HS71S), 40 kg., 55 yr., AV., P.: 
Eheumatoid artliritis and diarrlioa 
of 5 mo. duration 

500 ml. 

4-5 

s 

None 

Pt. 5 (3A19S), 55 kg., 65 yr., AV., JI.: 
Comatose following brain operation 
for metastases of hypernephroma 

300-500 ml. 

3 

12 

If more than 0.8 Gm. 
fatA'g- body weight 
given, increase in 
respiratory rate and 
temperature eleva- 
tion of 1 to 3° 

Pt. G (7A320), 37 kg., 35 yr., AA^, P.: 
Bronchiectasis -with malnutrition 

300-900 ml. 

4-5 

6 

None 

Pt. 7 (P1153), 45 kg., 6S yr., AAA, P.: 
Ovarian carcinoma witli metastases 

300 ml. 

4-5 

3 

None 

Pt. 8 (9A857), 41 kg., 32 yr., AV. P.: 
Chronic nephritis, uremia, hj^perton- 
sion, and pericarditis 

300 ml. 

3 

3 

None 

Pt. 9 (311320), 11 kg., 4 yr., AAA, P.: 
Mental defect with malnutrition 

100-300 ml. 

2 

G 

If more than 3.5 Gm. 
fnt/kg. body weight 
given, temperature 
elevation of 1 to 2° 

Pt. 10 (A34189S), 3.5 kg., 7 wk., AV., M.: 
Postoperative obstruction 

50-150 ml. 

1-2 

11 

None 

Pt. 11 (341528), 15 kg, GVi yr., AV., M.: 
Euptured appendix, peritonitis, and 
multiple abscesses 

300-500 ml. 

3 

27 

If more than 4 Gm. 
fatAg. body weight 
given, temperature 
elevation of 1 to 2° 


CLINIC^U., OBSERVATIONS 

Table I summarizes the data on the administration of fat emulsion to patients 
on the surgical and medical seiTices of the Peter Bent Brigham Hospital and 
the Children ’s Hospital. The eases represent a wide variety of common ailments 
which result in weight loss of such an extent that provision for adequate calories 
becomes one of the major facets of good treatment (Table I) . Only those patients 
who presented unusual findings with regard to the administration of the fat 
emulsion will be discussed and this discussion will be limited to that aspect of 
the cases. 

Patient 1 . — ^This patient ivas a 54-year-olti, single, white woman weighing 37 kilograms 
nGmittecl to the surgical service with the presenting complaint of anorexia and weight loss 
due to intractable epigastric pain aggravated bj' ingestion of food. There was a lustory 
of abdominal pain for thirty-three years and a total of eight abdominal operations. Tlie 
patient appeared poorly nourished. On initial administration of fat, 300 ml. of emulsion 
were given in a period of sixty minutes without reaction. Thereafter, and for the next 
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tlireo days, 500 ml. of emulsion furnishing approximately 800 caloues nere given daily 
u-ith no subjective complaints or objective iindings. 

Before nnd during the administration of fat, observation of this patient’s dietary 
ImbitB revealed that she was a finicky cater and consumed an average of only about 1,200 
calorics per day. It was assumed that on such a caloric intake, this patient would be in 
negative nitrogen balance and would continue to lose weight, but that when this oral 
calorie intake was supplemented with 800 milorica coming from fat emulsion the patient 
ought to be in positive nitrogen balance. This hj'pothesis ivas tested by doing a nitrogen 
and potassium balance study. The protein content of the 1,200 calorie oral diet was 45 
Gm. and was provided mostly by animal protein. The potassium content of the daily diet 
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was 1.6 grams. Nitrogen determinations were all done by a macro*lvjeldahl method, and 
potassium was determined by the cobaltinitritc precipitation method.* Bue to circum- 
stances beyond our control, the periods with and without BUpplcmentary calories from the 
fat emulsion were not as long as desired. The results of this study are shown in Fig. 1 
It i» seen that during the first four-day period when the patient was receiving a total of 
2,000 calories (1,200 calories orally which represented the average of the total daily caloric 
intake during liospitalization and 800 calories from fat given by vein) a positive potassium 
amt nitrogen balance was obtained. During the three-day period when fat infusions were 
not given and the total calorie intake was only 3,200 calories, the patient promptly went 
into strong negative balance in both potassium and nitrogen. When fat infusions again 
were given, positive balances were obtained again. The nitrogen and potassium con- 
tributed by the emulsion were negligible. 

Patient g . — This patient was a 24-year-old white man weighing 40 kilograms with 
uleerativo colitis. 'An ileostomy had been done hut did not function properly and the patient 
developed a peritoneal infection and a mtdjejunal fistula. It ivas necessary to rcoperate 
to close the fistula. For several days prior to surgerj*, the patient’s oral intake was nil 
and the parenteral therapy of blood, 5 per cent glucose, and electrolyte solution contributed 
no more than 400 calories per day. Because of small, sclerotic veins, 10 per cent glucose 
and protein hydrolysate preparations were not used. On the first postoperative day, 300 
ml. of the fat emulsion were given. For ten of the next twelve days, daily infusions of 
fat emulsion x'arying from GOO to 000 ml. which furnished 960 to 1,440 calorics were given. 
An cxceptionnlly favorable clinical response followed the nclaunistration of the fat. At 
tho end of this time oral intake of food was sufficient and all parenteral therapy was 

•We are Jnilebted to t)ie Department of Surgery, Peter Bent Brigham Ho-spUal, for doing 
the potassium detcrmlnatfona. 
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terminated. The caloric intake of this patient for the immediate postoperative period is 
shown in Fig. 2. It is seen that during the first three postoperative days, tlie fat emulsion 
contributed appreciably to the caloric intake; iii fact, during the second and third post- 
operative days it furnished approximately 70 per cent of the total caloric intake. It was 
during this critical period that the favorable clinical response was especially noted. 
Because Emulsion 41 was not available, none was given on the fourth and fifth diiys. 
The data in Pig. 2 also emphasize quite strikingly the importance of ordinary food as a 
•source of calories. 
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Fig. 2. 


Patient 9 . — This patient was a mentally defective child, 4 years of iigc, weighing 11 kilo- 
grams. Pat emulsion was given on six successive days in amounts varying from 100 to 
300 ml., which furnished 30 to 60 per cent of the total calorie requirements. It was observed 
consistently that infusions of more than 250 ml. (3.5 Gm. fat per kilogram) at any one 
time produced an elevation of temperature of 1 to 2“ which persisted for one to three hours 
following the fat infusion. 

Patient 10 . — This patient was a 7-wcek-old male infant, weighing 3 kilograms, with post- 
operative obstruction, who was on continuous gastric suction and complete parenteral 
feeding. The theoretical caloric requirement for this infant was approximately 300 calories 
and the usual parenteral fluids available could provide only approximately a third of this 
requirement. He was given fat emulsion by vein for eleven days, during which time he 
received on some occasions as much as 70 per cent of his basal caloric requirements from 
this source. Pig. 3 illustrates the caloric intake of this infant during a twelve-day period, 
the last nine days of which fat emulsion was given. Since the two preliminary small 
infusions of fat were well tolerated, the study presented in Pig. 3 was begun. The fat 
infusions were increased gradually in amount until by the third day they contributed 
more than one-half the total calorie intake (Pig. 3). On the fourth day and for the next 
five days, the theoretical caloric requirement of the infant was more than met, and calories 
from the emulsified fat furnished approximately two-thirds of the total caloric intake. 
Throughout this period the child was quite ill as a result of an extensive infection. Anti- 
biotic therapy was ineffective and early in the morning of the thirteenth day of this 
study the child expired. Post-mortem studies gave no evidence that the extensive fat 
infusions, daily for nine daj-s and on two other days shortly before the period represented 
by Pig. 3, had in any way contributed to the death. 

Patient 11 . — This patient was a 6%-year-old boy, weighing 15 kilograms, with a rup- 
tured appendix, peritonitis, and multiple abscesses in whom complete parenteral nutrition was 
necessary. He received fat emulsion intravenously for twenty-seven days in quantities 
providing him with 480 to SOO calories per day which provided 50 per cent or more of his 
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daily calorie requirement. It was olwervct! regularly in this patient that if more than 
400 ml. of fat emulsion were given at anj* one time, there was a gradual rise of temperature 
of 1 to 2“ during one to three hours following the infusion. This quantity of emulsion 
contained GO Gm. of fat which furnished this patient with 4 Qm. of fat per kilogram. The 
infusions of fat in this child were cUnicnlly effective in that he presented a problem of 
complete parenteral feeding and further weight loss was prevented during the period fat 
infusions were given. 
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In view of the fact that an increase in temperature of 1 to 2* was consistontly 
obtained in Patient 11 when the amount of fat given exceeded 4 Gm, per kilogram body 
weight, it was thought desirable to attempt to determine which component of the emulsion 
was largely responsible for the temperature rise. The following three different preparations 
were studied in Patient 11: the usual 15 per cent fat emulsion (Emulsion 41); a 15 per 
cent emulsion identical to Emulsion 41 except that the costnbilizer of polyglycerol esters 
was reduced from 1 per cent concentration to 0.4 per cent; a fat-free emulsion which 
contained only the two stabilizers in the same concentration as in Emulsion 41 in 5 per 
cent dextrose. A different one of these three preparations was infused m Patient 11 in 
the same amount on each of three succe.*»sive daj's. For the next three successive days 
these preparations were given in tho same order, but the one without fat was given in 
twice tho amount. The temperature rise occurred only when the amount of fat-containing 
emulsion infused e.xceeded 4 Gm. fat per kilogram of body weight. 

That this temperature rise following infusion of a fat emulsion varies con- 
siderably among patients is suggested by the observations in Patient 9 in whom 
an amount c.\'ceeding 3.5 Gm. fat per kilogram of body weight resulted in a rise 
in temperature and in Patients 2 and 10 in whom as much as 3 and 6 Gm. fat 
per kilogram respectively did not give rise to an increase in temperature, yet 
it was the same batch of fat emulsion which was given to Patient 11. Tlie data 
in Table I show that Patient 5, a 65-year-old man, weighing 55 kilograms, with 
cerebral metastases from a hypernephroma, and in whom most of the left frontal 
lobe had been removed, developed a temperature rise if more than 300 ml. of 
fat emulsion were given at any one time. This amounts to only 0.8 Gm. of fat 
per Idlogram of body weight. 

Insufficient evidence is available to indicate wliether this rise in temperature 
is due to the amount of fat per sc or to pyrogens contained in the fat which, 
when they reach a certain concentration, give rise to tlic increase in temperature. 
At present, the latter seems the more likely cause. 
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DISCUSSION 

Tlie clinical observations presented in this paper indicate that fat emulsions 
as a source of calories in parenteral nutrition are useful in a wide variety of 
cases. Emulsion 41 furnished 1,600 calories per liter, and could be infused at 
the rates commonly employed for the intravenous administration of glucose or 
salino solutions. 

Previous studies in the dog and rat have shown conclusively that such fat 
emulsions of fine particle size introduced directly into the systemic circulation 
are utilized for energy purposes as indicated indirectly by total carcass analysis 
for fat,“ maintenance of normal weight,® conversion of negative to positive nitro- 
gen balance on a low-protein low-calorie ration,® and growth of puppies,” and 
directly by radioisotope studies showing that introduced as part of the fat 
molecule in a fat emulsion is rapidlj’’ eliminated in the expired CO,.' In previous 
studies with experimental animals and man, it has been shown that fat emulsions 
such as have been employed in the studies can be given safely and without pro- 
ducing pathologic conditions.^’ ® 

The studies reported in this paper extend many of these observations in 
man. The observations on Patient 1 confirm the favorable effect of fat emulsions 
administered intravenously on nitrogen balance. The similar observations on 
potassium balance further emphasize the necessity of adequate calories for 
protein synthesis in the body. The very favorable clinical response observed 
in the patient severely ill with ulcerative colitis (Patient 2) is attributed in part 
to the calories supplied by the fat emulsion during the first three postoperative 
days. In Patients 10 and 11, fat emulsions were given for rather long periods, 
eleven and twenty-seven days respectively, and in generous daily amounts, 
approximating 6 and 4 Gm. fat per kilogram of body weight. Patient 10, who 
was severely ill from a generalized infection, expired after nine successive days 
of fat infusion given in such an amount that calories from fat furnished two- 
thirds of the total caloric intake for a period of seven days. However, at autopsy, 
there was no abnormal accumulation of fat in anj’ of the organs and no evidence 
that the fat infusions in any way had contributed to the death. During tliis 
severe illness, when all nourishment had to be given by vein, weight loss was 
prevented. 

An increase in temperature in Patients 5, 9, and 11 was regularly observed 
following a single administration of a certain amount of fat. However, the 
amount of fat necessary to cause this temperature rise varied widely among these 
three patients — from 0.8 to 4 Gm. fat per kilogram of body weight. Patient 2, 
who received 3 Gm. fat per kilogram of bodj^ weight, and Patient 10, who 
received 6 Gm. fat per kilogram of body weight, showed no increase in tem- 
perature. It is thought that these temperature rises were due to p 3 ’rogenic 
materials in the fat and not to the fat per se. 

Of the patients listed in Table I, three died by the time of the preparation 
of this paper — Patients 5, 8, and 10. Post-mortem examinations were obtained 
on the latter two and in neither was there any gross or microscopic pathologic 
condition attributable to the fat emulsions. Patient 5 expired approximately 
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one month following the last fat infusion; Patient S, three months following 
the last infusion ; and Patient 10, eighteen hours following the last infusion of fat. 

It should be pointed out that the reason more fat emulsion was not given 
to many of these patients, and for longer periods of time, was that not enough 
was available because of limited production and control facilities and the needs 
of various experimental studies with animals. As stated in a previous paper’ 
on this subject, Emulsion 41 is still not considered completely suitable for 
clinical use because of the development of pyrogenioity after it is appro.ximatelj' 
four weeks old. 


SUMM.VKV 

Okservations are reported on the intravenous administration of a 15 per 
cent fat emulsion to eleven patients rcprc,senting a variety of common illnesses. 
Of these patients, eight wore adult.s, two were children, and one was a 7-week-old 
infant. The emulsion furnished 1,600 calories per liter and was given at rates 
ordinarily used for administering glueo.se or saline solutions. Daily amounts 
up to 3 Gm. fat per kilogram of body weight were given to adults and 6 6m. 
fat per Idlogram of body weight in a 7-week-old infant. Infusion periods ranged 
from three to twenty-seven consecutive days. The emulsion was effective as 
indicated by favorable clinical response, the prevention of weight loss, and the 
maintcnanco of positive nitrogen and potassium balance. Subsequent post- 
mortem examination of three of these patients revealed that tlio fat emulsions 
had produced no pathologic changes, either gross or microscopic. 

The authors wish to express appreeiafion to the ^fcdieal and Surgical Services of the 
Peter Bent Brigham Hospital and the Children Hospital of Boston for their genuine 
cooperation in these studies, and to The Upjohn Company, Kalamazoo, Mich,, which has 
supplied us generously with various materials used in this research. 

HEFEBENCES 

1 . Mann, C. V., Geyer, R. P., Wntkin, D. Jf., aud Stare, F. J.: Parenteral Nutrition. IX. 

Fat Emulsions for Intravenous Nutrition in Man, J. Lab. Sc Clin. Med. 34: 699, 1049. 

2. Geyer, R. P., jfann, G. V., and Stare, F. .T.: Parenteral Nutrition. IV. Improved Tech- 

niques for the Preparation of Fat Emulsions for Intravenous Nutrition, J. Lab. & 
Cun. Med. 33; 153, 1948. 

3. Geyer, R. P., Mann, G. V., Young, J., Kinney, T. D., and Stare, F. J.: Parenteral Nutri- 

tion. V. Studies on Soybean Phosphatides as Emulsifiers for Intravenous Fat 
Emulsions, J. Lad. & Clin. Med. 33: 163, 194S. 

4. Geyer, R. P., Watkin, D. M., Matthews, L. IV., and Stare, F. J., Parenteral Nutrition. 

VIII. The Vasodepressor Activity of Soybean Phosphatide Preparations, J. Lab, 
Sc Cux. Med. 34: 088. 1949. 

5. McICibhin, J. M,, Ferry, R. M., Jr., and Stare, F. J.; Parenteral Nutrition. IL The 

Utilization of Emulsified Fat Given Intravenously, J. Clin, Investigation 25: 
079, 1940. 

0. Mann, G. V., Geyer, R. P,, Watkin, D. M., Smythe, R. L., Dju, D., Znmchcck, N., and 
Stare, F. J.: Parenternl Nutrition. VII. Metabolic Studies on Puppies Infused 
With Fat Emulsions, J. Lab. & Cun'. Med. 33: 1503, 1948. 

7. Geyer, R. P., Ghipmnn, J., and Stare, F. J.: In Vivo O.vidation of Emulsified Radioactive 
Trilaurin Administered Intravenously, J. Biol. Chem. 176; 1469, 3948. 



THE ABSORPTION AND DISPOSITION OP ORALLY ADMINISTERED 
I^=^-LABELED NEUTRAL PAT IN MAN 


Malcolji M. Stanley, M.D., and Siegfried J. Thannhaeser, M.D., Ph.D. 

Boston, Mass. 

N one of the available methods foi' measuring the absorption and utilization 
of fat in man is greatlj' informative and, at the same time, accurate and 
simple to carry out. The direct chemical determinations of serum fat in serial 
fashion are tedious and time consuming; in the hands of all save the most 
expert thej^ are subject to considerable inaccuracies. Relativelj' large samples 
are required. No information as to the disposition of the fat is available from 
this method, i.e., what proportions of the lipid which has disappeared from 
the blood stream are accounted for by degradation and by storage respectively. 
The vitamin A tolerance test ohmates the first two of these objections, but not the 
thix’d. Nephelometric techniques for fat analyses are now generally conceded 
to be unreliable. 

The problem had been quite satisfactoidlj'- solved for animal work by Geyer 
and CO- workers,^ and Lerner and eo-workei’s,“ bj^ the use of neutral fat con-, 
taining radioactive C*"' -substituted fatty acids. However, the extremely long 
half-life of this isotope precludes its use in man. In addition, other isotopes 
which emit radiation of gi'eater penetrating power are more simple to measure. 

Certain of the shortcomings mentioned may be overcome b}' the use of 
neutral fat which has been labeled with radioiodine I*®* in the unsaturated 
fatty acids. It is the purpose of this communication to report tracer studies 
xvith such I'adioactive fat on eighteen patients, including ten normal subjects. 

methods 

Commercial olive oil was iodinated with The following stejxs wore employed. To 

the carrier-free solution (usually 10 me.), 10 mg. of sodium iodide were added as car- 
rier. The solution was then placed in a separatory funnel and acidified with 1 ml. of a 50 
per cent concentrated nitric and sulfuric acid mixture. The liberated iodine was extracted 
with chloroform. Into the chloroform solution a stream of chlorine was tlien passed until 
the purple color of iodine just disappeared. The iodine chloride obtained was added to a 
chloroform solution of 20 Gm. of olive oil. This mixture was allowed to stand for twenty- 
four hours. The chloroform solution then was shaken repeatedly with a solution of sodium 
carbonate in order to remove any free iodine. The chloroform solution was dried over 
anhydrous sodium sulfate and the chloroform evaporated off by means of an infrared 
lamp. The odor, taste, color, and consistency of the oil were unchanged following 
iodination. 

One-half to 5 ml. of the oil, containing 100 microcuries of Iisi, were soaked into 
bread and eaten, either during or immediately following a normal breakfast. In a few 
instances the patients were without breakfast; all ate a normal mixed diet during the bal- 
ance of the test period. 

From the Pratt Diaijnostic Ho.spital anil New England Center Hospitals, and the Depart- 
ment of Medicine, Tutts Medical School. 

This study was aided by grants from the United States Public Health Service, the 
Kockefeller Foundation, and the Godfrey H. Hyams Fund. 

Received for publication, Aug. 30, 1919. 

•By Mr. Charles Margnctti of Traverlab, Inc., Boston, Mass. 
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Tlie nidioactivity in. the thyroid gland was estimated hy serial counting at a distance 
of 35 cm. from the neck with a sensitive, directionally shielded gamma tube (Sylvania). 
The “background” (from cxtrathyroidal tissues plus cosmic and other extraneous radia- 
tion) was calculated by counting over the lower thiglij this was subtracted from the 
thyroid count. The resulting net count was compared with that obtained under similar 
geometric conditions from a suitable aliquot of the original solution. 

One milliliter portions of urine in uniform glass vials were counted uuth the gamma 
tube through an orifice in the shield and compared with equal volumes of suitable dilutions 
of the original solution. Since the bottoms of the vials uere in contact with the metal 
tube surface, excellent reproducibility and sensitivity (272 net counts per second per 
microcurie) were obtained. 

Two-tenth milliliter aliquots of serum were pipetted onto flamed, 1 inch copper planch- 
ets, each of which was partially covered with a smaller disk of thin absorbent paper. Since 
the plancliets were grease-free and were coated uith cupric oxide, the liquid was absorbed 
uniformly into the paper. After slow drying with an infrared lamp, the serum formed an 
evenly adherent film, the area of which was limited to that of the paper circle. Tlic 
preparations were permanently mounted by covering with Scotch tape. Standards were 
prepared by evaporating suitable aliquots of petroleum ether solutions of the original 
material in the same manner,* self-absorption was equalized by adding identical amounts 
of serum. The samples uere counted with a thin-«indow Geiger-Miiller tube. 

Two milliliters of serum uerc diluted, precipitated with zinc sulfate, and the excess 
zinc precipitated with alkali by the method of Somogyi. Five milliliter portions of tho 
supernatant (equivalent to 0.5 ml. serum) were evaporated onto disks and the radioactiv- 
ity was compared with similarly prepared standards as described. Since the lipids were 
precipitated with the proteins, the radioactivity in the watery fraction of the scrum repre- 
sented inorganic iodine which had been removed from tho fat. By subtraction of this 
“water-soluble” portion from the total, a fraction designated as tlic “lipid was 

obtained. 

In seven patients the sera were separated by means of Bloor’s solution and the radio- 
activity was determined in tho lipid and water-soluble fractions of this extract. There 
was, in general, agreement betnoon the icsults obtained by this proedure and the former 
one. However, there was usually slightly more radioactivity m the portion resulting from 
petroleum ether extraction of the dried Bloor's extract than when this lipid fraction was 
calculated by subtraction. Because of the greater simplicity of the zinc precipitation 
method, it w-as used exclusively later. 


RESULTS 

In ten normal subjects tlie pattern of absorption and disposition ^vas con- 
stant. Tlie concentrations of total in tlie serum were greatest at three to 
six lioiirs following the meal and slowly decreased after this time. The peaks 
in both the “total and “lipid curves occurred simultaneously (Fig. 1). 
These levels of total radioactivity ranged from 0.4 per cent to 0.6 per cent per 
100 ml. of serum, whereas the highest concentrations of the “lipid” fractions 
varied from 0.20 per cent to 0.47 per cent per 100 ml. of serum. 

The accumulation of radioactivitj” by the thyroid gland varied from 10 
to 25 per cent in twentj^-four hours (Fig. 1), Although appreciable, this was 
somewhat less than the average collection of a dose of inorganic 1“*^ administered 
for the purpose of ascertaining thyroid function.^ Likewise, the excretion in the 
urine of 15 to 48 per cent of the ingested radioiodine by the normal controls 
in twenty-four hours was distinctly less than if the material administered had 
been inorganic iodine. 
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Fig. 1. — Curves showing the fate in a normal subject of radioiodine introduced into the 
body as labeled fat. The time in hours following the ingestion of the iodinated fat is plotted 
on the abscissa. Along the left ordinate are plotted the concentrations of radioactivity attained 
on the serum; variations in these values are indicated by the .solid lines. The broken lines 
show the percentage of administered radioactivity which was excreted in the urine and collected 
by the thyroid (right vertical scale). 



HOURS 

Fig. 2. — The variation with time of the fraction of radioactivity in the “water soluble 
portion of the serum. The sera were fractionated as described in the text; the ‘ water-soiuot 
js plotted as per cent of the total radioactivity. The solid lines and circles show xjw- 
values in four normal subjects while the broken lines and open circles denote a Patient uu 
idiopathic hyperlipemia (2) and the nephrotic syndrome (J). In the normal suWeets 
in the patient with idiopathic hyperlipemia tSj) during the first hour of the test 
cent of the radioactivity was in the water-soluble fraction. In the normal s^mjccis lu 
sharply decreased during the next one to two hours, as absorption of the iodlnizea p"'® 
reached a maximum, and returned slowly to the high values during the next four to se'c 
hours. In the hyperlipemic patients the percentage of radioactivity in the water-soiuoi© i 
lion of the serum remained low throughout the rest of the test after the first two nours. 
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Fiff. 3 .' — The ahsorptfon and disposition of Inbcled fat in a patient with tlie nephrotic 
syndrome. The data are indicated as in Fip. 1. It will be seen that the concentrations of 
radioactivity in the serum. pnncipalJy in the lipid fraction, are mucli greater tiian normal : 
the decrease in the«e hiffh levelg Is abnotmaiiy slow*. The excretion of I”‘ m the urine and its 
accumulation in the thyroid, especially during the early liours of the test, are also somewhat 
slower than normal. 

The changes in the ratio of serum inorganic to “lipid’’ iodine also wore 
uniform (Fig. 2), During the fii*st one to two hours from 60 to 90 per cent of 
tlio I”* was in tlie water-soluble portion. Later, as absorption of the iodinized 
olive oil progressed the size of the inorganic fraction decreased sharply, then 
gradually refurned to the liigh values during the ensuing eighteen hours. 

In tliree patients with high serum neutral fat levels (two subjects with 
“idiopathic” hyperlipoiuia and one individual with the nephrotic .syndrome) 
the peak “lipid vaU^es were two to five times normal.* Tliere was an ab- 
normally slow decrease in the radioactivity during the twenty-four hours fol- 
lowing these high values. A larger than normal portion of tlie radioiodine re- 
mained in the lipid fraction (Fig. 2), and the accumulation of radioactivity in 
the thyroid and the excretion of the radioiodiiie in the urine were abnormally 
slow also (Fig, 3). In one patient with hypercholestcrolcmic xanthomatosis the 
tc.st was normal. In one ca.se of sprue the highest serum concentrations of total 
ji5i -were about one-half normal. The urinary excretion and thyroid collection 
were correspondingly low, but there was a normal relationship between the 
inorganic and “lipid” fractions in the serum at all times. 

DISCUSSION 

It sliould be emphasized that the procedure under discussion was not a “tol- 
erance test” in the usual meaning of tlie term. The amount of oil administered 
w’as never more than 5 Gm.', this served to label the fat being absorbed from 
the meal eaten with the tracer, as well as that already in the blood stream. 

Olive oil contains about SO per cent glycerol trioleate and about 7 per cent 
trdinoleate. The former of these 18-carbon fatty acids possesses one double 
bond between tlie Otli and 10th carbon atoms, while the latter has two such 



1638 


STANLEY AND THANNHAUSER 


bonds. The saturated compounds tristearate and tripaimitate comprise the 
bulk of the remainder of the lipids of the oil. 

As a result of iodination the radioiodine was firmly attached at the double 
bonds in the unsaturated fatty acid chains; the process used was similar to the 
familiar method for determination of the “iodine numl)er“ of fats. In order 
to be certain that this iodine was organically bound, petroleum ether solutions of 
the oil in each lot were repeatedl 3 >’ extracted with water; no radioactivity was 
detectable in tlie aqueous phase. 

It may be accepted as proved that the iodine collected by the thyroid gland 
is in the form of the iodide ion." The identity of the iodine excreted in the 
urine by the subjects in this studj' has not been determined, although it is en- 
tirely likel}' that it is in the same form. Tlie radioactivity in the water-soluble 
portion of the seram and that collected bj"^ the thyroid and excreted in the urine 
represent iodine which has been removed from the fatty acid skeleton during 
the process of metabolism ; these fractions provide an index of the rate of iTtiliza- 
tion of the iodinated fat. 

In this study, from 50 to 73 per cent of the administered radioactivity was 
collected in tlie thyroid gland and excreted in the urine of normal subjects dur- 
ing the twenty-four hours from the beginning of the test, with approximately 
one-half these amounts accounted for during the first six hours. These figures 
indicate the extent of degradation of the fatty acid skeleton of ingested neutral 
fat which normalty occurs in men, either as a preliminary to storage in the 
fat depots or, much more likelj', for production of energ.v. The characteristic 
appearance of an appreciable portion of radioactivity in the water-soluble frac- 
tion of the serum during the early hours of the test suggests that a small amount 
of breakdown maj’^ have occurred during the process of absorption from the 
gastrointestinal tract. 

That a similarly rapid metabolism of intravenousl.v administered neuti’al fat 
takes place in the rat has been recently demonstrated bj’- Gejmc and co-workers’ 
and bj^ Lerner and associates.- The latter group used a 16-earbon' fatty acid 
(as tripalmitin) with the 6th carbon atom labeled with C”; as much as 59 
per cent of the injected was found in the expired air in twenty-four hours. 
The type of fat administered and the position of the labeled atom were not 
identical in the experiment of Lerner and co-workers and in the present study. 
However, the curves representing the sum of urinary excretion plus thyroid 
accumulation of I’^’ in the normal subjects in this study closely resemble those 
depicting the cumulative excretion of by the rats in the experiment of 

Lerner, Chaikoff, Entenman, and Dauben. 

SUMMARY 

Characteristic curves of absorption and utilization of physiologic amounts 
of lipid taken by mouth bj’- subjects on a mixed diet were demonstrated by the 
use of unsaturated fats iodinated with The proportion of the administered 

radioactive iodine which was collected bj' the thyroid and e.xcreted in the urine, 
as well as the magnitude of the water-soluble portion in the serum, indicated 
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the extent of breakdown of the labeled fat. Under these circumstances in nor- 
mal subjects, degradation of from 50 to 73 per cent of the orally administered 
iodinated fat took place within twenty-four hours. Subjects with “idiopathic” 
hyperlipemia and the nephrotic syndrome utilized the labeled lipid much more 
slowly. 

REFERENCES 

1. Gcyer, R. P., Cliipman, J., and Stare, F. J-: Oxidation in Vivo of Emnlgified Radio- 

active Trilaurin Administered Intravenously, J, Biol. Chem, 176: 1469-1470, 1948. 

2. Lerner, S.'R., ChaikofF, I. L., Entenman, C., and Dauben, VT. G.: The Fate of C^*- 

Labeled Palmitic Acid Administered Intravenously as a Tripalmitin Emulsion, 
Proe. Soe. Exper, Biol. & Med. 70: 3S4-3S7. 1949. ' 

3. Stanley, M. M. : The Direct Estimation of the Rate of TlijTOid Hormone Formation in 

Jfan. The Effect of the Iodide Ion on Thvroid Iodine Utilization, J. Clin. Endo- 
crinol. 9: 941-954, 1949. 

4. Thannliauser, S. J., and Stanley, M. if.: Serum Fat Curves Following Oral Adminis- 

tration of Ii3i.LabeIed Neutral Fat to Normal Subjects and Those With Idio- 
pathic I^'perlipcmia, Tr. A. Am. Physicians, May, 1949. 

5. VanderLaan, J. E., and VanderLaan, W. P.; The Iodide-Concentrating Mechanism of 

the Rat Thjwoid and Its Inhibition by Thiocyanate, Endocrinology 40: 403-410, 1947. 



THE E1H'"ECT OF SIHHDNECTOMY ON THE TOXICITY OP TO 
THE HEJIATOPOIETJC SYSTEM OF MICE 


Ekok 0. Jacouson, M.1>., Eric L. Sijlaions, Pn.D., and 
Mattiikw H. Bi-ook, M.D., Pii.H. 

Chicago, III. 


INTHOnUCTION 

R ADIOSTPONTIUM (SP'’)i i^-rny cniiiler witli a fifty-five day Jialf-life, 
which is physiologically interchangeable with caleinni, localizes largel.r in 
bone soon after enteral or parenteral administration.''® The niiniimnn intra- 
peritoneally administered dose required to produce a significant leueopenin 
in C!'’-! female mice® was found by Simmons and Jacobson' to be about O.OGS 
microcnu'ies per gram of body weight. However, this leueopenin was rela- 
tively transient. Brues and co-workers' have reported that bone sarcomas are 
readily produced in this strain with this dose. Although a severe and per- 
sistent leucopenia developed after an intrapcritoncal dose of 2.0 mierocuries 
per gram of body weight, no significant anemia occurred.' In a preliminary 
experiment" histopathologic examination of mice sacrificed at intervals after 
in.icetion revealed much depleted or aplastic bone marrow, whei’eas the spleens 
contained a i-cmarkable increase in crythrocytopoiesis. The fact that anemia 
failed to develop under these eireumstanecs was considered to be directly 
related to the rapid development of an inten.se ccto])ic erythrocytopoicsis in 
the spleens of the rndiostrontium-treated animals. Accordingly, an experi- 
ment of greater scope, as described in this communication, was undertaken to 
determine the validity of this concept. 


MATERIALS AND METHODS 

Ymiiig CF-1 female mice were ttiviilcd into three groujis of fifty or more animals each 
as shown in Table I. The mieo in Group I were spleneclomizecl ; those in Group II rcceivcil 
a single infraporiloneal injection of 2.0 mierocuries of Srso per gram of body weight, ami 
tho mice in Group HI wore splencctomi’/.cd and later injected with a dose of 2.0 mierocuries 
per gram of body weight. A fourth group of animats not included in Table I, which was 
neither splenoetomized nor given Ersaj used for base line hematologic controls and from 
this group animals were sacrificed at intervals to serve as norm.al reference for the liistologic 
studies. Splenectomies were performed in Groups I and HI while tho animals were under 
ether aiiesthesia. Twenty-four d.ays after splenectomy, Srse was administered intraperi- 
toncally to (he animals in Group HI. The nvcr.agc weight of tho mice at the time of iu' 
jeetion was 20 grains. A second injection of 2.0 mierocuries per gram was given to a rep- 
resentative number of animals iu Groups H .and HI, HO days after the original injection. 
Although a leucopenia of moderate degree persisted at tliis time in both groups (11 and IH). 
(ho animals in Group II which had been subjected to splenectomy and received Srss .also had 
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Table I. General Scuemata op Experiment 


GROUP ! 

' 1 

NUMBER OF 

1 ANIMALS 

1 

TEEATilCNT 

PERIOD OF OBSERVATION 
AFTER ORIGINAL SP.SO 
INJECTION 

I 

51 

Splenectomy only 

282 days 

II* 

03 

Injected intraperitoncally with Srso 
in a dose of 2.0, microcuries per 
gram body weight 

282 days 

irr 

70 

Splenectomy plus Srss (2.0 micro- 
curies per gram body weight) • 

282 days 


•Selected animals In Groups II and III were reinjected with a dose of 2.0 microcurles per 
gram body weight 110 days after original Injection. 


recovered from the anemia. The purpose of the second injection of was largely to 

dcterniino whether or not compensatory ectopic crytlirocytopoiesis was sufficient in the 
splcnectomized mice to prevent or minimize recurrence of anemia. 

Preparation of PadiostronUum (Sr^>): Distribution ai\il Excretion Studies. — As has 
I)een descrihed cltc\vhere,5 the solution of radiostrontium was composed of Srso and Sr'-'f. 
fcJrS'J has a fifty-fi\e day iialf-life and a maximum energj' of 1.7 mev; Sroo, wliich represented 
3 to 5 pei cent of tlie initial stock solution on anival from Oak Eidffe, has a Imif-ltfe of 
circa thirty years and a maximum energy of 0.65 mev. The final preparation for administra 
tion was strontium chloride in isotonic solution. The greatest part of the radiostiontiuni 
excretion occurred during the first three days, and after ton to fifteen days %irtuany no more 
of the retained SrS'J was excreted. The average total excretion values were 54 per cent of' 
the injected dose. Average total retention values were 45 per cent of the injected dose. 
By tho third day after injection almost all of the retained Sr*!* was deposited in the skeleton. 
Retention of Srso in the spleen was as follows: 

First 2t hours 0.22 per ocnt/gram 

24 to 72 hours 0.04 per cent/grain 

3 days to 3 months 0 02 per cent/gram 

In other soft tissues of the body, the amount of radiostrontium per gram remaining after 
tlirco days was uell under 0.1 per cent of tho injected dose. 

Hematologic Studies. — Studies of the peripheral blood uere made on all four groups. 
These studies included deterramalions of the hemoglobin in grams per 100 rah (photoelectric), 
erythrocj'tes and Icucocyte.s per cubic millimeter, leucocjte differentials (Wright's stain), and 
reticulocytes per cubic millimeter and in per cent (brilliant eresyl blue). Blood for study 
was draivn from the tail vein. 

Control hematologic determinations were made on all animals after which splenectomy 
was performed on animals in Group I and III. Twenty-four days after splenectomy, Sr^i 
was injected intrapeiitonealiy into the animals in Groups II and III. Repeat hematologic 
determinations were made, on all animals seven days after the original Srso injection and 
thereafter at twenty-one day intervals. After the frccond injection of Srso in selected animals, 
liematologic studies wore made at less frequent interrals. 

Ihstologic Studies. — Animals prepared as described were sacrificed at intervals through 
280 days after injection for histopathologic study. In addition, random animals in all 
groups on which hematologic studies were being conducted were sacrificed at various intervals. 
This latter procedure was followed in an attempt to correlate more closely the peripheral 
blood studies with the actual histopathologic state of the blood-forming tissue. 

Tissues taken for study included skin, lung, small intestine (with Peyor's patch), 
adrenal, kidney, liver, spleen, thymus, lymph node, and bone marrow (femur and vertebrae). 
The tissues were fixed in Zcnker-fomiol, embedded in 20 per cent nitrocellulo.«e, sectioned at 
8 u, and stained w’ith liematoxylin'cosin'azure II. 
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RESULTS 

Hematologic Studies on the Peripheral Blood . — 

(a) Effect of Splenectomy Alone: The mean leucocyte value in the periph- 
eral blood of splenectoinized mice rose after splenectomy to stabilize between 
14,000 and 22,000 per cubic millimeter during the period of observation 
(Fig. 3). Splenectomy alone reduced the hemoglobin and erythrocyte values 
slightly during the first three weeks after splenectomy, but thereafter, as is 
shown in Figs. 1 and 2, no appreciable fluctuation occurred. 



Fiff. 1. — The effect of a single injection of 2.0 roicrocuries of raOiostrontium per gram 
body weight on hemoglobin values of normal mice and mice splenectomized twenty-four days 
prior to Sr®’. One hundred nineteen days after the original St*“ Injection, a second injection 
of 2 microcuries per gram body weight was given to selected animals from the two groups which 
originally were injected with this isotope. 


(h) Effect of SP^ Infection on Leucocytes of Peripheral Blood; The intra- 
per'itoneal injection of 2.0 microcuries of Sr®° per gram produced a comparable 
degree of leucopenia in animals with an intact spleen and in animals that 
previously had a splenectomy (Fig. 5). As is shown in Figs. 4 and 5, the 
initial injection of Sr®° reduced hetei-ophils and lymphocyte values by 52 and 
36 per cent, respectively, in twent 5 ’'-eight days. The mean heterophil value 
of Sr®®-injected animals which had intact spleens returned to the preinjectioii 
level in about forty -nine days and thereafter was actually higher than the 



EFFECT OF SPLENECTO.AIY ON TOXICITY OF SR®® TO HEJIATOPOIETIC SYSTEJI 1643 


control value. The mean heterophil value o£ animals which had been splenec- 
tomized and were given Sr®® returned to the normal control or preinjection 
level in seventy days. The lymphocyte reduction after Sr®® injection was sus- 
tained in the animals witli intact spleens and in splenectomized animals. In 
animals to which a second injection of Sr®® was given 119 da^^s after the first 
injection, the reduction in heterophil and lymphocyte values was greater and 
more persistent in the si)lenectomized mice tlian in the intact mice (Figs. 4 
and 5). 



Fig. 2. — The effect of a single injection of 2.0 microcuries of radiostrontium per gram body 
Weight on erythrocyte values of normal mice and mice splenectomized twenty-four prior to Sr^*. 
One hundred nineteen days after the original Sr** Injection, a second injection of 2 mlcrocurles 
per gram body weight was given to selected animals from the two groups which originally were 
injected witii this isotope. 

(c) Effect of Injection on the Ifemoglobin and Erythrocyte Fflhtes 
of the Peripheral Blood: No anemia of significance was produced in mice with 
intact spleens to which Sr®® was given by intraperitoneal injection. On the 
other hand, splenectomized mice injected with 2.0 microciiries per gram de- 
veloped a significant anemia in twenty-eight daj's which persisted through 
seventy days, hut with recovery in 119 days (Figs. 1 and 2). Selected animals 
with an intact spleen and animals which had been splenectomized were given 
a second injection of Sr®® (2.0 microcuries per gram) 119 days after the 
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original injection. As after the initial Sr®® injection, the mice with intact 
spleens developed no anemia, whereas the splenectomized gronp developed a 
precipitons reduction in both hemoglobin and erythrocyte values. Although 
recovery from the anemia proceeded in the splenectomized group, the anemia 
recurred between the fifty-sixth and seventy-seventh day after the second in- 
jection at which time all the remaining animals died or were sacrificed for 
study (Figs. 1 and 2). 



TIME AFTER INJECTION (doys) 

Pig. 3. — The effect of a single injection of 2.0 microcuries of raaiostrontium per gram body 
■weight on leucocyte values of normal mice and mice splenectomized twenty-four days prior to 
Sr®“. One hundred nineteen days after the original Sr*’ injection, a second injection of 2 micro- 
curies per gram body weight was given to selected animals from the two groups which 
originally were injected with this isotope. 

(d) Effect of on Ecticulocyfe Values of the Perijdieral Blood: Except 
for control studies no reticulocyte determinations were made until seven days 
after Sr®® injection; but at this point the reticulocyte values of animals which 
were splenectomized only and tliose which were given Sr®® only had actually 
risen, whereas the reticulocyte value of the group which was both splenectomized 
and strontium-treated had fallen significantly. Reinjection of Sr®® at 119 
das^s prodbicecl no reduction in the reticulocyte value of mice with intact 
spleens. A reduction eompai’able with that seen after the original injection 
occurred ; however, this was limited to splenectomized mice. As will be evi- 
dent in the section on histology which follows, more frequent determinations 
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of the reticulocyte values of all the groups v'oukl liave been of importance 
from the point of view of correlation. 

Ilistoimtliologic Studies . — 

(a) 0?)Scri'a/io>js on Lymphatic Tissue After 5Htr//e Injection of Sr*^: No 
consistent difference in size of the spleens existed bcbYcen Sr^®-injected and con- 
trol mice -which were sacrificed during the 2S0-day period. However, an ef- 
fect was observed in both the white and red pulp of the spleen in animals sacri- 
ficed three days after Sr^® treatment. This early effect consisted of a de- 
creased cellnlarity of the white pulp and a marked hj^perplasia of ectopic 



Fie. — The effect of a single injection of 2.0 microcuries of radiostrontium per gram body 
weight on heterophil values of normal mice and mice splenectomized twenty-four days prior to 
Sr**. One hundred nineteen days after the original Sr** injection, a second injection of 2 mlcrocu- 
ries per gram body weight was given to selected animals from the two groups which origin- 
ally were injected with this isotope. 


eiythrooytopoiesis and megakaryocytopoiosis in the red pulp; ectopic granulo- 
ej'topoiesis was practically absent at this stage. Only a few scattered mature 
granulocytes could be found. There was little evidence of destructive effects, 
however, for there was no observable increase in pigment or debris-filled 
macrophages or pyknotic nuclei at this stage as compared tnth the spleens 
of control mice. The spleens of control mice usually contained small foci of 
ectopic erj'throcj’topoiesis, granulocytopoiesis, and megakaryocj'topoiesis scat- 
tered about in the red pulp. The erythrocytopoiesis in the spleens of the Sr®®- 
injected animals, however, was diffuse and intense at three days and consisted 
of predominantly large hemocjdoblasts, basophilic erythroblasts, and a lesser 
number of more mature forms. 
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The n-umber of young megakai-yocytes in the spleens of Sr®'’-injectecl mice 
three days after injection was greatly above that of the controls. This intense 
erythrocytopoiesis and megakaryoeytopoiesis persisted in the Sr®“-injeeted 
animals at all the periods of examination through 280 days. Photomicro- 
graphs of the spleens of Sr®“-injected and control mice at intervals of three, 
twenty-nine, forty-five, and ninety-two days (Fig. 6) illustrate especially the 



Fig. ."i. — The effect of a single injection of 2.0 microcnries of radiostrontiuni per gram body 
weight on lymphocyte values of normal mice and mice splenectomized twenty-four days prior to 
Sr®“. One hundred nineteen days after tlie original Sr» injection, a second injection of 2 micro- 
curies per gram body woiglit was given to selected animals from the two groups which originally 
were injected with this isotope. 


degree of erythrocytopoiesis at these stages. Fig. 7 illustrates the closely 
packed erythroblasts in the red pulp at some of these stages at a slightlj" 
greater magnification. 

No increase in ectopic granulocytopoiesis was observed in spleens of mice 
sacrificed at intervals of three and eight days after injection. Increased 
granulocytopoiesis became apparent in twelve days and increased to a max- 
imum between forty-five and ninety-two daj"s. In fact, in several of the mice 
examined during the forty-fifth and ninety-second days, granulocytopoiesis 
was qualitative!}’' as intense as erythrocytopoiesis. 

Changes in the white pulp in the spleens of SF^-treated mice were more 
or less universal at all stages studied from 3 to 280 days after injection. In 
normal mice the white pulp occupies circa 50 per cent of the spleen and, ex- 
cept for the distinct lymphatic nodules, blends gradually into the red pulp. 
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The splenic white pulp of the Sr®®-injceted mice tnlmost without exception 
occupied less space than the red pulp and was distinctly separated from the 
intense crythrocytopoietic and granulocytopoietic red ptilp by a zone of rela- 
tive acellularity consisting largely of reticular cells (Figs. 6 and 7). The de- 
crease in cellularity of the white pulp was observed especially in the early 


mouse’ Rodlostfonuum lSr**l Splenectomy Series 
Ocse - pe? gram i.p 



^ Time m days 3 6 49 92 



Fig. C — Photomicrographs of sections of the spleens of mice at intervals after Sr*’ Injection. 
The normal spleens show small areas of ectopic hematopoiesis in the red pulp and the normal 
variation in the white pulp, whereas the spleens of Si^-lnjected animals sliow an intense ectopic 
hematopoiesis m the reel pulp and a depletion of the cellularity of the nhite pulp. (Hematoxyim- 
eosln-azurc II, X15.) 


stages after injection (i.e., three, six, twelve, fifteen, twenty-one, and twenty- 
nine days), but the atrophy, which persisted, is illustrated in the photomicro- 
graph of the ninety-second day specimen (Fig. 7). 

(h) Lymph Nodes, P€ycr*s Patches of Intestine, and Thymus: Lymph 
nodes from the root of the mesentery and Peyer’s patches from the small 
intestine from all animals sacrificed were studied in control and Sr®®-injected 
groups. As opposed to the white pulp of the spleen of Sr^®-injected animals 
in which atrophy, reduced ccllulanty, and absence or diminution in the num- 
ber of active lymphatic germinal centers were observed, the lymph nodes and 
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Fig. 7 — Photomicrographs oC normal spleens and the spleens of Sr*5-injected animals witli 
selected areas at a higher power to illustrate the intensity of tlie ectopic liematopoiesis In the 
red pulp and the depletion of cellularity in the white pulp of Sr®’-iniected animals. (Hematoxylin- 
eosln-azure ll; low power X15. high power X70.) 

Peyer’s patches appeared essentially normal and the germinal centers ivere 
active. Granuloeytopoiesis, erythrocytopoiesis, and megakaryoeytopoiesis 
were definitely increased in the medulla of the lymph nodes of some of the 
Sr®®-injeeted mice as compared with control mice. This increase in ectopic 
hematoi?oiesis in lymph nodes was observed ns early as fifteen days after in- 
jection but was more prominent in later stages. No increase or decrease in 
plasma cells in Ij'mphatic tissue was observed. No histologic changes which 
could be directly attributed to Sr®” were observed in the thymus. 

(c) Observations on Lymphatic Tissue After Second Infection of at 
119 Days: Onij^ a relatively few stages were studied. These wei’e at fifteen, 
twenty-four, and seventy-seven days after the second injection. 

The histologic effects as far as lymphatic tissues were concerned were 
again limited to the spleen. The lymph nodes, Peyer’s patches, and the 
thymus appeared essentially normal except for a moderate increase in granu- 
loeytopoiesis, megakaryoeytopoiesis, and erythrocytopoiesis in the lymph 
nodes. At the time of the second injection, the erythrocyte and hemoglobin 
values were essentially normal in both groups of mice which had originally 
received Sr®” (Figs. 1 and 2). The marked ectopic erythrocytopoiesis, mega- 
karyoeytopoiesis, and grannlocytopoiesis, however, persisted in the spleens 
of the Sr®®-injected animals sacrificed at 119 days at a time comparable with 
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that at which selected animals received a second Sr®® injection. Althongh 
moderate atrophy of the white pulp was also apparent at this time, active 
lymphatic germinal centers were present and, in general, the white pulp was 
more cellular than in earlier stages. 

By the fifteenth day following the second injection of Sr®®, ectopic eryth- 
roeytopoiesis, megakaryocj-topoiesis, and granulocytopoicsis were more intense 
than at the 119-day stage. Ectopic granulocytopoicsis, however, was only 
moderate in degree. Again, as after the first injection of Sr*®, little evidence 
existed of active cellular disintegration in the form of pj'knosis, karyorrhexis, 
or phagocytosis. The white pulp, which showed recovery to some extent after 
the original injection of Sr®® at 92 and 119 days in that it constituted a more 
normal percentage of the splenic tissue and was richer in medium and small 
IjTuphocytes, again was reduced in amount with a depletion of lymphocytes 
in the peripheiy of the white pulp fifteen days after the second injection. In 
the two other stages studied following the second injection, namely twenty- 
four and seventy-seven days, the recoveiy of the white pulp was only moder- 
ate; atrophy and decreased cellnlaidty persisted. 

As was true after the initial injection of Sr®®, essentially “maximum” 
increased ectopic erythrocytopoicsis and megakaryocytopoiesis were apparent 
fifteen days after the second; granulocytopoicsis was progressively more intense 
at the twenty-four and seventy-seven day stage.s. Pigment-filled macrophages, 
scattered throughout the red pulp, were inci’cnsed in number at all stages 
studied after the second injection. 

(d) Observations on Bone Marrow After a i^ingh Injection: The ob- 
servations made on bone and bone marrow are limited to the effects of Sr®® on 
liematopoiesis in the marrow spaces. A vertebra and a femur were taken for 
study from each animal sacrificed. Since the effects of Sr®® on vertebral or 
femoral marrow were essentially comparable in the mice with intact spleens 
and in those that were splenectomized prior to the injection, no attempt to 
differentiate between the two groups will be made in the description of mar- 
row changes. In general, the destructive effects of Sr®® on hematopoiesis were 
comparable in femoral and vertebral marrow in that if complete or partial 
atrophy were found in the entire femur, tlie condition was also present in the 
vertebral bone marrow and vice versa. However, moderate decrease in cellu- 
larity with or without fibrosis was not infrequently found in the metaphyseal 
region of the femur immediately adjacent to the epiphyseal cartilage vuthoiit 
evidence of such localized changes in the vertebral marrow. The destructive 
effects of Sr®® and the subsequent depletion of the normal hematopoietic ceils 
were most severe in the metaphyseal region, of equal or slightly less severity 
in the epiphyseal marroAv, and least in the diaphysis of the femur. In some 
instances essentially complete depletion of normal hematopoiesis was found in 
the entire femoral and vertebral marrow spaces of mice sacrificed at fifteen 
through eighty days. In others, although general celliilarity of the femoral 
diaphysis and vertebral marrow space was reduced, complete depletion was 
present only in the metaphyseal and epiphyseal regions of the bone. 
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In spite of the cellnlav depletion that occurred after Sr*® injection, no 
stage studied either in femoral or yertebral marrow showed clear-cut iiis- 
tologic evidence of increased death of cells. Tlie number of pyknotie nuclei and 
macrophages filled with particulate debris did not exceed that that was ob- 
served in control mice. A marked depletion of cells in the epiphyseal and 




.Time m days 6 


21 


49 92 


Fig. 8. — Photomicrographs of normal femoral marrow anti of femurs of Sr®’-injectea animals 
at various interx’als after the Sr®’ injection. These photomicrographs illustrate the depletion of 
normal hematopoietic cells in the epiphyseal and metaphyseal regions with partial sparing in the 
diaphysls of some animals. (Hematoxylin-cosin-azure II. Xlii. ) 


metaphyseal marrow space of the femur was present three days after injec- 
tion. The general cellularity of the diaphysis of the femur as well as in the 
vertebral marrow space was moderatelj' decreased. In the epiphyseal and 
nietaph3’seal regions of the femur only a few scattered heterophils, plasma 
cells, and large Ijnnphocjdes remained at this stage, tvhereas dilated vascular 
spaces and increased fat cells filled the area. Distally from the depleted 
metaph.vseal region, the cellularitj^ of the marrow graduallj' increased. The 
diaphyseal marrow was diffuselj" cellular but distinct^ less so than that of 



[HgSl 








Fiff. (I. — Photomicrographs of normal femoral marrow and femurs of Sr*®-in3ected animal's 
with scicctcd areas at a higher power to Illustrate the loss of normal cellularlty and replacement 
by fibrous tissue (C) twenty-one days after Sr*» injection and the residual cellular depletion in 
the metapiiysls ninety-two days after Sr*“ injection. (Hematoxylln-cosln-azure II ; low power 
Xl5. high power X70.) 

uomial control mice. The vascular spaces in this part of the marrow at three days 
were conspicnonsl}- dilated; megakaryocytes were fewer in number; and 
erythrocytopoiesis was definitely decreased. The remaining cells were thus 
largely composed of the precursors of the granulocytic series. 

The vertebral marrow was comparable wth that of the femoral diaphysis 
at this stage. At six days the findings were essentially the same as those for 
the three-day stage (Fig. 8, E). The degree of marrow depletion varied con- 
siderably from animal to animal at various time intervals after injection. In 
Fig. 8, F the femur of a mouse sacrificed twenty-one days after injection is 
shown. In this specimen only fat and dilated vascular spaces filled with 
erythrocytes remained. In two other mice sacrificed at this same interval 
the epiphyseal and metaphyseal regions of the femui-s were largely depleted 
of cells; the diaphyseal portions contained about as many hematopoietic cells 
as the controls. In still another mouse sacrificed at this interval the vertebral 
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and femoral marrow contained small areas of normal-api^earing liematopoietic 
cells scattered abont among the fat cells, dilated vascular spaces, and gel- 
atinous areas ; whereas the metaphyseal portion was more or less completely 
replaced by fibrous tissue (Fig. 9, C). At later stages, i.e., 49, 71, 92, and 119 
days after Sr®® injection, the depletion of cells in the metaphyseal and epiphj"- 
seal portions of the femoral marrow remained conspicuous (Figs. 8, G and 
9, D). The shaft or diaphj’seal portion of the femur and tlie vertebral marrow 
approached more normal hematopoietic activity. Likewise, in these stages the 
amount of fat and the dilation of the vascular spaces became less conspicuous. 

(e) Observations on Bone Marroio After Second Sr^^ Injection; Selected 
animals were given a second injection of Sr®® 119 days after the first injection. 
At this time (Figs. 1 and 2) no anemia existed iji either group which had 
originally received Sr®®. Residual partial cellular depletion or fibrosis in the 
epiphyseal and metaphyseal region of the femur still persisted at this stage, 
but the diaphyseal portion of the femur and the vertebral marrow were only 
slightly less cellular than in normal mice. Sacrifices of mice that were given 
a second Sr®® injection -were made fifteen, tM'enty-four, and seventy-seven days 
after the injection. The effect on the marrow' of .these mice was . essentially 
the same as that observed In comparable stages after the first injection except 
that the number of pigment-filled macrophages w'as slightly increased in the 
reinjected animals. 

(f) The Effect of SF® on Other Tissues or Organs: The tissues or organs, 
not hitherto discussed, -which w'ore studied w'ere slcin, lung, adrenal, small in- 
testine, kidney, and liver. No cytologic evidence of destructive effect which 
could be attributed to Sr®® -was noted in these organs or tissues. In an occasional 
animal, wdiich had been given a single injection of Sr®® or reinjection Avith a 
comparable dose of Sr®®, ectopic eiTthrocytopoiesis Avas found in the liver and 
adrenal. In each instance, hoAvever, this Avas minimal. 

DISCUSSION 

In spite of the extensNe cellular depletion that develops in the bone 
jnarroAv of mice injected AA'ith Si’®® in a dose of 2 microcuries per gram of body 
Aveight, no anemia dcA'clops. Intense ectopic erythrocytopoiesis occurs AA'ith 
such rapidity in the spleens of these mice that the steady state of the circulat- 
ing erj'throeytes remains essentially normal. Splenectomized mice, on the 
other hand, develop an anemia after the injection of this dose of Sr®® because 
of the fact that compensatory ectopic erythrocytopoiesis in the spleen is not 
possible and its dcA'elopment in other potential sites is not adequate. Increased 
ectopic megakaryocytopoiesis in the spleens of Si"®®-injected animals occurred 
as rapidh' as ectopic erj'throeytopoiesis, but since iilatelet determinations on 
the peripheral blood Avere not performed, no statement can be made Avith 
reference to AA’hether or not this compensation Avas sufficient to prevent plate- 
let reduction. In experiments suggested by the results related in this com- 
munication Jacobson and associates’® shoAved that lead protection of the 
surgically mobilized spleens of mice during the administration of 600 r x-radia- 
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tion to the biTlaiice of the body obviated the development of anemia and sig- 
nificantly reduced the severity and the duration of the leucopenia and throm- 
bocytopenia which regularly folloAv the delivery of this dose to the whole 
animal. Histologic studies showed that this phenomenon was due to the rapid 
development of ectopic blood formation in the lead-protected spleens. 

An interesting problem that has been posed by this experiment relates 
to the fact that lymphocytopoiesis was markedly reduced in the spleens of 
Sr®®-injected animals, whereas the lymphatic tissue in the Ijunph nodes from 
the root of the mesentery, the thjTuus, and in Peyer’s patches of the small 
intestine was essentially unaltered at any stage studied. The amount of Sr®^ 
found in the spleen of injected animals was minimal twenty-four hours after 
injection and practically none was found three days after injection. It seems 
unlikely, therefore, that the reduction in lymphatic tissue in the spleen ex- 
tending for more than ninety days after Sr®® injection could be attributed to 
the transient presence of Sr®® in the spleen. Neither can one explain this 
reduction in splenic Ij’mphocytopoiesis adequately on the basis of radiation 
originating from Sr®® deposited in bone since one would expect other lymphatic 
tissue (lymph nodes, etc.) to be affected in a comparable manner. It would 
be difficult to explain the reduction in lymphatic tissue in the spleen on an in- 
direct basis for the same reason. Although differences in the radiosensitivity 
of lymphatic tissue in various sites throughout the body of the mouse may 
exist, it seems unlikely that si\ch an explanation is warranted here. The 
most plausible explanation for the decrease in splenic lymphatic tissue is that 
it may be related to a nutritional competition between the lymphatic tissue 
and ectopic hematopoiesis. The compensatory granulocytopoiesis in the 
spleen of Sr®^-injected mice reached a maximum at a time approximately 
comparable with the time at which the heterophils in the peripheral blood 
returned to normal values (forty-five to seventy days). ' 

The delay in the appearance of ectopic granulocytopoiesis in the spleens 
of these animals suggests tliat this process was suppressed either primarily or 
secondarily, that the stimulus for an intensification of this process was less 
marked, or that even with a maximum stimulus the spleen had only a capacity 
for a gradual intensification of ectopic granulocytopoiesis. 

The fact that anemia recurred in the sxilcnectomized mice after the ad- 
ministration of a second injection of Sr®® at 119 days indicates fairly con- 
clusively that ectopic crythrocytopoiesis in sites other than the spleen is wholly 
inadequate to cope with the destniction and suxipression of crythrocytopoiesis 
which occurs in the hone marrow. The eventual recovery of splencctomized 
mice from the anemia induced hy the first Sr’® injection must therefore have 
been largely a function of the recovery of crythrocytopoiesis in the marrow 
spaces. 

The fact that histologic evidence of destruction in the bone marrow and 
sj)lcoii other than ccllnlar depletion and the late appearance of pigment-filled 
macrophages was not seen in Si*®*-injected animals should perhaps he com- 
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menteci upon. For example, as early as three days after Sr*® injection, par- 
tially to essentiallj^ complete depletion of hematopoietic cells in the hone mar- 
row was seen. Only dilated vascular spaces, fat cells, a few dehris-filled 
macrophages and occasional plasma cells, Ij'-mphocyte-like cells, etc., remained 
in the bone marrow of some of the animals sacrificed at this stage. It is likely 
that debris-laden macrophages, pyknotie nuclei, etc., would have been more in 
evidence had specimens been taken earlier than three days. Likewise, in the 
white pulp of the spleens of Sr*“-injected animals, active phagocytosis was 
minimal even though the general eellularity was markedly decreased in three 
daj^s. 

SUJIJIARY AND CONCLUSIONS 

Radiostrontium (Sr*“), a /3-ray emitter with a half-life of fifty-five days, 
is largely deposited in the skeleton when administered to the experimental an- 
imal. Although deposition in bone is general, the greatest concentration of 
this isotope invariably occurs in areas of active bone growth. 

A persistent leueopenia but no anemia of significance was produced in 
the peripheral blood of young mice given a single intraperitoneal injection 
of this isotope as the chloride in a dose of 2.0 microcuries per gram. The same 
dose produced a leueopenia and an anemia in splenectomized mice. Recovery 
from the anemia was essentially complete by 119 days after the Sr®® injec- 
tion. Hematopoiesis was markedlj' reduced in the bone marrow of all radio- 
strontium-treated animals within three daj’-s after injection. The epiphyseal 
and metaphyseal regions of the long bones were largely depleted of cells, or, 
in some instances, the latter regions were completely replaced by fibrous tis- 
sue. Recovery of hematopoiesis in the bone marrow of the femur was essen- 
tially complete by 119 days except that some cellular depletion still existed in 
the metaphysis at this stage. 

Ectopic erythrocytopoieses and megakaryocytopoiesis were greatly in- 
creased in the spleen three days after Si'*® injection as was true of all other 
intervals studied through 119 days. Splenic lymphocytopoiesis, on the other 
hand, was reduced in three days and recovery was not complete by 119 days. 
L 3 'mphocytopoiesis was essentially unaffected in other Ij^mphatie tissues 
(Ijmiph nodes, thymus, etc.). Ectopic granuloejdopoiesis increased more 
slowlj^ in the spleens of Sr®®-injeeted animals, reaching a maximum at circa 
sixtj' days. Ectopic granulocytopoiesis, megakaiyocjTopoiesis, and erytliro- 
cjdopoiesis were not remarkable in other tissues of the animals which re- 
ceived Si’*®. 

The rapid development and the persistence of ectopic erjdhroeytopoiesis 
in the spleen prevent anemia in mice given Sr*® intraperitoneally in a dose of 
2.0 mierocuries per gram. 
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JAPANESE B ENCEPHALITIS : EEPORT OP FIVE CASES 
Lieutenant (j.g.) N. P. Wyatt, jMedical Corps, United States Navy 

INTRODUCTION 

T he epidemic of Japanese B encephalitis in Japan in the summer of 1948 
was of significant interest because of the opportunity it afforded for direct 
observations on this exotic disease by physicians of the occupation forces. Prom 
a panoramic public health viewpoint, it was essentially of minor import as the 
actual percentage of the population afflicted was exceedingly small. In view of 
the rapidly expanding geographical confines of the disease, it may present a 
diagnostic and therapeutic problem to clinicians in the United States in the near 
future. 

EPIDEJIIOLOGICAU AND ETIOLOGICAL ASPECTS 

The purpose of this article is to point out the clinical observations on a 
small series of five sei’ologically proved cases observed at the Navy Dispensary, 
Yokosuka, Japan. Nevertheless, it does not seem amiss to discuss some of the 
features of the epidemiological and etiological aspects. 

The geographical distrilnition of the disease is ratlier widespread, cases hav- 
ing been reported from Okinawa and the near-bj' islands, Korea, China, Guam 
(epidemic of 1947), Siberia, the Japanese islands, and possibly many other coun- 
tries of the Par East.*’ -■ ^ 

Vectors . — In our present state of knowledge, it is believed that the encepha- 
litic virus is conveyed by a mosquito. Inada,* a Japanese investigator, and two 
Russian workers, Petriseheva and Shublada,° have reported the isolation of tlic 
virus from Ciilex tritacniorhynclms and Culcx pipiens var, pallens. Animal 
reservoirs of infection have been discovered in horses, pigs, goats, cows, and 
possibly sparrows, but not in chickens.*’ - It is interesting to note, as demon- 
strated in studies in Japan, that outbreaks among domestic animals may occur 
coincident with no or few human clinical cases.® Presumably epidemic outbreaks 
may occur only when the factors of mosquitoes, animal reservoirs of infection, 
and human suseeptibles exist concomitantly. Tlie disease has presented a 
fluctuating course in Japan, reaching epidemic or minor epidemic proportions 
every few years, a featui'e probably related to the accumulation of susceptible 
persons. In July, 1924, there were 6,125 eases ivith a mortality rate of 62 per 
cent. In 1935, there was an outbreak of 5,370 cases.* One interesting aspect 
of the epidemic under discussion is that the conditions of temperature and 
rainfall were exceedingly favorable for the propagation of mosquitoes prior 
to the outbreak of the disease. 

Incidence in Man. — Apparently, from evidence accumulated from many 
sources, the clinically recognizable cases represent only a relatively small 
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proportion of the total, the majority smoldering under the blanket of sub- 
elinical or very mild clinical infection. In 1036, one year after a large c])!' 
domic, 83 per cent of 116 sera tested in Tokyo revealed virus neutralizing anti- 
bodies.® In 1937, 0.8 per cent of 525 human sera obtained from Hokkaido, 
Japan, demonstrated these antibodies.® Hokkaido is not an epidemic nor an 
ciidcmic area of the disease. In 1941, 83 per cent of 104 sera from Middle China 
po.sscssed neutralizing ability against the Japanese B virus,® and, in 1945, 90 
per cent of tlic natives of Okinawa, similarly, had neutralizing antibodies.’ In 
1946, a similar phenomenon was found in the sera of 85 per cent of thirteen 
Chinese re.sidents of Shanghai and 89 per cent of nineteen Chinese residents of 
Tientsin.® 

Sabin* reported a mortality rate for the 1945 outbreak on Okinawa of 28.6 
per cent, and on the jiear-by islands of lleanya and Hnmahika, 30.6 per cent. 
Among American military forces on Okinawa in 1945, there were two deaths 
occiirring in a serie.s of twelve severe cases. Figures compiled by the Public 
Health and IVelfare Section, Supreme Commander for Allied Powers, revealed 
that in the first forty-one weeks of 1948 there were nppro.ximatcly 8,000 eases 
of Japanese B encephalitis throughout the empire, and 2,374 deaths were re- 
ported. The approximate mortality rate from the disease was 25.7 per cent for 
the Tolcj’o area and 35.7 per cent for all Japan.’ In the summer of 1948, there 
were three fatalities in the twenty-nine pi*oved cases of Japanese B encephalitis 
in occupation personnel in Japan. Because of the paucity of serologically 
proved cases occurring among occupation personnel in Japan, a study of the 
features of tlie disease as manifested in the five cases forming the subject of this 
paper seemed all the more desirable. 

Although superficially the number of doatlis in 1948 attnbutable to the 
encephalitic virus seems fairly large, it shrinks considerably when viewed rela- 
tive to the 78 millions inhabiting the Japanese islands. Tiiese fatalities fade 
almost into oblivion when one contemplates the staggering total of approxi- 
mately 147,000 deaths in Japan in 1947 directly attributable to tubereulo.sis. 
According to several attending Japanese physicians, appro.ximately 2 per cent 
of the patients exhibit sequelae. These include clonic muscular movements, 
deeei*c])rate rigidity, and twitchings of muscle groups. 

The figures for age incidence in the Tokyo area in 1948’ reveal a high rate 
for the younger ago group, i.c. through 1 to 20 years of age. Tlic highest oc- 
curred in the 6 to 10 years group, the rate being 117.3 per 100,000. Tlie lowest 
incidence occurred in the 31 to 70 yean; group, the rate being 9.1 per 100,000. 
In the eai'ly years, male patients have the highest incidence of the disease, 
hut this tendency decreases after the age of 20 until tliere is a female pre- 
ponderance in the 51 to 60 ycai-s group. In all ages, the mortality among 
female patients is higher than tliat among male patients. The over-all case 
fatality rate in Tokyo during the 1948 epidemic was 19.9 per cent for males and 
33.3 per cent for females. These figures were derived from 2,067 cases. 

Two cases, occurring in nonvaccinated Naval pomonnel, arc of interest in 
that they assist in elucidating the time requisite for the incubation period of the 
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disease. Two firemen from a Naval vessel stayed ashore overnight in Yokohama. 
The ship remained in Yokoliama for two days, sailing Ang. 1, 1948. klany inos- 
quitoes were observed aboard ship. On August 11 one man reported to tiie ship’s 
sick baj^ udth a complaint of headache of foiu' hours’ duration. He seemed 
drowsj^ and had a fever. The patient was transferred to a British hospital at 
Ce 3 don thirty houis later and died twenty-four hours after transfer. Unfortu- 
nately, no autops 3 ’- was perfonned. On August 21 the other fireman developed 
a headache and fever and became disoriented. A spinal fluid examination per- 
formed at a hospital at Bahrein Gulf showed a slight pleoe 3 'tosis and an in- 
crease in protein. The patient’s clinical course was similar to that of eases of 
Japanese B encephalitis occurring in Japan. Following complete recoveiy, the 
man returned to Japan, flis complement-fixing titer one month after the 
original infection was 1 :16, and the neutralization index was 63,000. 

Stahts of Vaccination . — The status of vaccine has not been established at 
this time. No conclusions relative to the efficacy of vaccination could be drawn 
from the epidemic on Okinawa. SabiiF has shown a rise in neutralization and 
complement-fixing antibodies in 3 mung people inoculated with mouse brain 
vaccine, two 1 c.c. doses being given six da 3 '^s apart and the last dose of 1 c.c. 
one month later. Veiy elderly persons who had no previous serologic neutral- 
izing antibodies exhiljited no response. Following the administration of a 
potent vaccine, many persons develop a rise in neutralizing antibodies.'’ In 
American adults, no lise in complement-fixing antibodies occurs as a result of 
vaccination alone, although a peraon pre'viousB' infected with tlie live virus 
ma 3 ’' develop complement-fixing antibodies after vaccination.'’ The vaccine used 
at present is a chick emb.r 3 m vaccine, and its efficac 3 ^ is under intense investiga- 
tion. 

Twelve patients of the tAventy-nine cases occurring among occupational 
pei-sonnel in Japan had received complete immunization. No deaths occurred 
among this group. Three patients had received complete immunization except 
for one dose. No deaths occurred among these. Six patients had failed to 
obtain complete vaccination b 3 ’^ trvo or more doses. There was one death among 
them. Two deaths occurred among eight eompletety nonimmunized patients.' 

Symptoms . — The clinical sA'mptoms of the disease as previously reported 
b3^ Sabin^’ - include marked lethargy, confusion, high fever, nuchal rigidity, 
leueoe3’tosis, and spinal fluid pleoc3dosis. The onset is abrupt, Avith sudden 
headache and fever. Sabin, in his OkinaAva series’ (ten serologically proved), 
observed convulsions in onh' tAAm cases, both of them fatal. He stressed the 
duration of the fever, seven to eleven days, and the constant bradycardia 
present. Cells in the spinal fluid AA’ere predominantty mononuclear, AA'hereas a 
poBmiorphonuclear leucoc3dosis Avas found in the peripheral blood smear. One 
patient of his series exhibited interesting sequelae, i.e., hyperirritability, mask- 
like facies, somnolence, and a propensity for urinating on the flooi’. In the 
Korean outbreak, tAvo instances of bladder paraB'sis Avei’e recorded. One of 
these patients died. In the other, bladder fiurction became normal upon con- 
valescence. 
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Serologic Shtdics . — Serologic studies upon tlie Okinawa cases revealed 
interesting data. Serum neutralizing antibodies were questionabjj" or certainly 
positive on tlie fourth or fifth day of the disease. Low titers of complement- 
fixing antibodies were found as early as two to eight days after the onset. How- 
ever, these complement-fixing antibodies may not appear until the fifth week. 
No discrepancies were noted between the results of tlie neutralization and com- 
plement-fixing tests. For several tcclmical i-ea-sons, Sabin feels that the com- 
plement-fixing test is more praeticah It is interesting that many cases, initially 
.suspected of being mild or abortive eases, in his Okinawa series gave no 
serologic evidence of Japanese B encephalitis. 

Pathology . — Gross pathology reveals a diffuse congestion of the brain, 
sometimes with softening of the cen'ical cord.*® There is diffuse involvement 
of the leptomeninges and the gray mattei*. Perivenous l>Tnphocytes are pre- 
dominant ill the arachnoid meshes. The meningeal lesions arc widespread over 
the surface of the brain, being minimal over the midbrain, pons, medulla, cere- 
bellum, and spinal cord. Many nodules composed of mononuclear cells, 
clustered about degenerating ganglion cells or blood vessels, occur in the gray 
matter. The cortex, thalamus, substantia nigra, nuclei of the fourth ventricle, 
cerebellar cortex, and the anterior horns of the spinal covd are involved. 
Adrenal “tubular degeneration'’ ma,v occur. 

CASE REPORTS 

Case 1 . — Patient T, H., a SS-j-ear-oW whUo man, entered the Na%y Dispensary on Aug. 
8, 1948, complaining of a headache beginning the previous day. This headaclie began sud- 
denly, ptngresaively became votsc, and was accompnnied by malaise and chills. He had 
completed the course of imniuaizatton against Japanese B encephalitis approximately two 
months before the present illaess. 

Physical Examination and Laboratory Data: T., 102.4* P.j P., 84; B., 22; B.P., 110/ 
78 mm, Hg, The patient appe.ired flushed, dehydrated, and acutely ill. There was definite 
nuchnl ligidity. The reflexes were physiologic, and Kernig’s f-igu was negative. The spinal 
fluid showed 30 polymorphonuclear cells, and the Patidy reaction was negative. Blood leueo- 
eyto count on the second hospital daj* was 10,900 with 70 per cent poljTnorphonuclear cells. 
Admission urinalysis was negative. Initial chest films, as well as all subsequent chest films, 
were negative. 

Course: Intravenous fluids, oral sulfadiazine, and intrarauseular penicillm were in- 
stituted. On the second hospital day the fever rose to 104® F. Tlicre were 102 white celh 
in the spinal fluid, of which 127 were polyraorphonuclcar. During the next two days the 
temperatuio climbed to 104.0* P., and there was no essential change in the neurological 
picture. The patient was relatively alert. On the fourth hospital day the spinal fluid con- 
tained 133 polyniorphomiclear and 08 mononuclear cells, and the Pandy reaction at this time 
was two plus. The patient became completely disoriented on the fifth hospital day. He 
did not respond to questioning, had to be restrained in bed, and uas maniacal. Paraldehyde 
was necessary for sedation. There were definite neurological changes. The arms developed 
a lead-pipe typo of rigidity, and there were mrked gross tremors of the upper extrcniitie'i 
and tongue with twitchings of tho mouth. On the sixth hospital day, the temperature sud- 
denly dropped and remained normal on tlic seventh day. The patient became more rational. 
A lumbar puncture at this time rev'calcd appraximatcly 400 cells in the spinal fluid, about 
three-fourtha of them being pol^inorplionuclear, and a two plus Pandy reaction. Improve- 
ment after the seventh hospital day was rapid, and the temperature remained essentially 
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normal. During the subsequent thirteen days, the mental cloudiness, muscle twitching, and 
muscle tremors disappeared as well as all traces of nuchal rigidity. However, the patient's 
voice, which had become quite husky, remained so for two months. This has cleared com- 
pletely at the time of the present writing, i.e., approximately five months from the onset of 
the illness. When the patient became ambulator}' again, he complained bitterlj’ of dizziness 
when walking, but this complaint rapidl}' disappeared. 
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Case 2. — ^Patient M. B., a 37-year-old white man, entered the Navy Dispensary on Aug. 
28, 1948. The patient stated that the evening before he had experienced sudden severe liead- 
ache and chills. He remembered starting to the Dispensary the next morning, but affirmed 
later that he did not have any recollection of his arrival nor of the immediately subsequent 
events. There had been no immunization against Japanese B encephalitis. 

Physical Examination and Laboratory Data: T., 103.2° F.; P., 96; E., 22; B.P., 142/ 
78 mm. Hg. Within a few moments after admission to the medical ward, the patient ex- 
perienced a severe clonic convulsion with attendant cyanosis. The convulsion lasted ap- 
proximately five minutes, and upon its cessation the patient was unruly and completely irra- 
tional, necessitating restraint by several men. The patient was disoriented and could make no 
intelligent reply to questioning. The administration of intravenous Sodium Amytal was 
necessary. There was flushing of the face and extreme dehydration. A foul discharge, from 
which pneumococci were subsequently cultured, drained from a right otitis externa. The 
mucous membranes of the throat were injected, and the tongue had been traumatized during 
the convulsion. A Grade II apical systolic murmur was present. There was marked nuchal 
yigidity. Kernig's sign was positive. All reflexes were hypoactive, the abdominal and 
ankle reflexes were absent, and the Babinski was positive bilaterally. The spinal fluid con- 
tained 425 cells, of which 321 were polymorphonuclear cells. The Pandy reaction was tno 
plus. The initial blood leucocyte count was approximately 14,000 with 82 per cent neutro- 
phils. Tlie urine contained a trace of protein. The chest film was negative. 
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Course: TJicrapy, in the form of oral sulfadiazine, intramuscular penicillin, intra- 
venous fluids, and intranasal oxygen, was iiwtituted. On the second hospital day, the patient 
developed a lead-pipe rigidity of the arms wid gross tremors of the Ups and upper ex- 
tremities. Similar but less marked rigidity of the lower extremities was also evident. This 
clinical picture persisted for six days. On the seventh day the temperature dropped to 99.8® 
F. The gross tremors of the lips, tongue, and arms were still present. The ankle jerks 
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were absent, tlie Babinaki was negative, and all other reflexes were hypoactivo. Transient 
weakness of the external ocular rectus muscles appeared. It was necessary to discontinue 
oxygen for approximately thirty minutes because of a mechanical defect in the apparatus, 
and at tho end of that time it was noted that the slightest stimulus could precipitate violent 
movements bordering on a convulsion. Following resumptmn of oxygen inhalation for a 
few minutes, the patient became much more responsive and much loss hj*perirritab!e. After 
the eighth hospital day he became much clearer mentally and rapidly regained his normal 
potisorium. Likewise, the muscle tremors cleared. Neurological abnornialitics disappeared, 
and no physical sequelae of the encephalitis remained. His convalescence was complicated 
by a Spondylitis. 

Case 3. — ^Patient W. P., a 2-1-year-old white man, entered tlio Navy Dispensary on 
Aug. 19, 1948, complaining of headache, fever, malaise, and nuchal rigidity of two days’ 
duration. Ho had been immunized against Japanese B encephalitis in 1946 and had reccive<l 
a booster dose of 1 c.c. in 1947 and in June, 1948. 

Physical Fxominotion tfiuZ Laboratory Data: T., 104® F.; P,, 110; R., 24; B.P., 122/ 
"4 mm, Hg. The patient was acutely IH and markedly dehydrated. The skin was red and 
flushed. There was slight stiiTnesa of the neck and transient weakness of the external rectus 
muscles of both eyes. AH reflexes were normal, and the Babinski signs uerc normal. Initial 
spinal fluid studies revealed 143 while tells, 107 of them being polymorphonuclear, and a one 
plu.s Tandy reaction. The blood leucocyte count wa.% 10,000 with 53 per ccut polj-morpho- 
nuclear cells. The urinalysis was negative. Initial and subsequent che.st films acre normal. 
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Course: Intravenous fluids, oral sulfadiazine, and intramuscular penicillin ivere ad- 
ministered. On. the second hospital day the fever was 101.2° F., and there was no significant 
change in the clinical picture. On the third hospital day the patient complained of difiiculty 
in breatliing and became lethargic, hfuchal rigidity was more marked by this time, but 
there were no reflex changes. He became completely unresponsive the next day, at which 
time the temperature was 101.5° F. A lumbar puncture on this date revealed 256 polj-- 
morphonuclear cells and 211 mononuclear cells in the spinal fluid. The Fandy reaction at 
this time was two plus. There was no cyanosis nor evidence of cardiovascular impairment. 
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On the sixth hospital day the pulse rose to 128 and the respiratory rate accelerated to 30. 
There was marked tremor of the arras, lips, and tongue. Cheync-Stokes respirations began 
and intranasal oxygen was administered. Later -in the day the respiratory rate diminished 
to 22. At this time the respiratory movements were irregular but not Cheyne-Stokes in 
character. Knee jerks were hj-poactive and the abdominal reflex was absent. Nuchal rigidity 
was definite, and the typical lead-pipe rigidity of the upper extremities was obvious. On 
the eighth hospital day, lumbar puncture revealed 93 polymorphonuclear and 205 mono- 
nuclear cells in the spinal fluid and a one plus Pandy reaction. On the evening of the same 
day, the patient experienced multiple convulsions, necessitating intravenous Sodium Amytal 
for their control. Cyanosis was demonstrable only immediately- after the convulsions. Cheyne- 
Stokes respirations reappeared, associated with long periods of apnea. Pulmonary edema 
appeared suddenly-, and the condition of the patient appeared grave. However, the pulmonary- 
edema rapidly subsided after a hypodermic injection of morphine. Harked improvement 
occurred after this episode, and two days later the patient could respond to questioning. 
Twitching of the mouth, tremors of the upper extremities, and grimacing on minimal stimuli 
remained. The knee jerks and right ankle jerk could not be elicited. The temperature was 
now 99° F. By the thirteenth hospital day the patient was cheerful and alert. Both ankle 
jerks were now present, but the knee jerks were still absent. On this day the patient de- 
veloped a seventh nerve palsy- of the peripheral type on the right side of the face. Tins 
nerve weakness disappeared during the course of the next two weeks. Gross muscle tremors 
and twitches likewi.«e recoded. On the sixteenth lio.spital day the patient complained o 
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complete aaestiicsia of the dorsal and palmar surfaces of the index and middle fingers of the 
left hand. Neurological examination revealed no sensation in these areas. The sensory 
disturbance partially cleared in a few days, but marked weakness of the adductor of the 
left thumb and flexors of the left forefinger occurred. In. a two-month follow-up, it was 
demonstrated that sensation over the fingers was normal and that the muscular weakness 
had improved on physiotherapy. Atrophy of the left thenar eminence was present. 
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CAf5K 4. — I’atient J. a 27-year-old white mau, waj. admitted to the Navy Dippensar.\ 
on Aug. 19, 1948, complaining of severe headache and vomiting. Four days previously he had 
noticed the sudden onset of headache, chills, and generalized malaise. During the twelve 
hours preceding admission ho had expencnml frequent emesis. His immunization against 
Japanese B eneephalitis had been incomplete since he had received only two of the required 
three in3ection9 approximately two mouths before admis.'iion. 

Physical Eraviinotion and tahoratory Dala: T., 104'* F,; P., 90; B., 22; B.P., 140/ 
70 mm. Hg. The patient w.as quite dehydrated and flushed. He was, nevertheless, well 
oriented and alert. Moderate injection of the mucous merabranes of the nose and throat was 
present. Nuchal rigidity was slight, though definite. The remainder of the neurological 
examination was negative. On the second hospital day tliere were 322 white cells in the 
s}>inal fluid, of which 430 were polymorphonuclear cells. The Pandy reaction was one plus. 
The initial blood leucocyte count was 35,000 with 81 per cent poUmorphnnuclcar-s. The 
urinalysis was negative. Initial and subsequent chest films were negative. 

rmirsf. Therapy, consi^-ting of intKivcnous fluids, oral sulfadiazine, and intramuscular 
penicillin, was started. The patient's course was uneventful, and on the second hospital 
day he appeared cheerful and alert. The temperature reached normal limits on the fifth 
hospital day, and nuchal rigidity cleared rapidly thereafter. During the mild eourse of the 
illness, no reflex changes nor clouding of the sensorium occurred. There were no tremors nor 
lead-pipe rigidity. On the fourteenth hospital day the patient was discharged to duty free 
of sequelae. 
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Case 5.- — Patient SI, W., a 29-year-old white woman, entered the Navy Dispensary on 
Aug. 19, 1948, complaining of fever, malaise, and headache, Tireso symptoms had begun 
suddenly three days before admission. The evening before admission she had become dis- 
oriented and irrational. There had been no immunization against Japanese B enceplialiti.s. 

Physical Examination and Laboratory Data- T., 105.5° P.; P., 120; P., 24; B.P., 110/ 
SO mm. Hg. TIio patient was flushed and dehydrated. She was irrational and could not 
respond to questioning. A gross tremor of the upper extremities and twitching of the mouth 
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were present. Definite nuchal rigidity could be elicited. There was mild injection of the 
mucous membranes of the nose and throat. All reflexes were physiologic except for a ques- 
tionably positive Babinshi on the right. There were 97 polymorphonuclear cells and 47 
mononuclear cells in the spinal fluid. The Pandy reaction was one plus. The blood leuco- 
cyte count rvas 13,000, 75 per cent of these cells being polymorphonuclear. The urinalysis 
was negative. Initial and subsequent chest films were negative. 

Course: Intravenous fluids, oral sulfadiazine, and intramuscular penicillin were ad- 
ministered. During the following four days the patient remained delirious and continued to 
liave the gross tremors described. Lead-pipe rigidity of tlie upper extremities also appeared. 
On the sixth ho.spital day the temperature decreased to 100.5° F. and on the seventii liospital 
day tile patient became much clearer mentally. Thereafter improvement was rapid and all 
neurological abnormalities quichly disappeared. No sequelae remained. 

DISCUSSION 

The diagnosis in each of the five patients was proved by a rise in compie- 
nient-fixing antibodies in the serum. The results of the complement fixaiion 
tests and the neutralization indices are shown in Table I. 

Six other patients, having the same type of symptoms, spinal 
pleocytosis, and clinical pietui’e, are omitted from this discussion because 
positive serologic proof was not obtained. The question arises as to whethei 
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TaBLZ I, COMPLEME>rr FiXATIOXS aXT) XEt:TnAUZ.VT{ON* IKDICES 


r.vTiExr 

HOSriT.M, P.VY 

COilFLEMEXT 

FIX-VTJOX* 

XEUTKAUZ-VTIO.V 

IXOE.V 

Case 1 

T. H. 

1 20 

2G 

35 

f 

1:10 

1:64 

1:64 

1:64 

1:32 

320 

2,000 

10,000 

2,000 

10.000 

Case 2 

M. B. 

0 

17 

21 

ifs 

1:32 

630 

20.000 

2,000 

Case 3 

W, P. 

9 

15 

26 

35 

1:4 

1:4 

1:32 

2:32 

1:64 

I;32 

10,000 

10,000 

200,000 

320,000 

10.000 

Case 4 

J. S. 

0 

14 

1:64 

1:256 

1:32 

6.300 

13.000 

13.000 

Case 5 

M. W. 

ti 

15 

21 

Xeg. i 1.000 

Xeg. i 3,200 

Xep. i 3,200 

1 :S ! 10.000 


*A titer over 1.4 is consklered slguiflcant. 
tFoUox^-uji twelve days alter discharge 
JFollo'w-up five mooths after onset. 


these tvore iudeed cases of Japanese B encephalitis and tchether it is possible 
that in some instances the threshold of immnnologic i*esponse is not reached. 

The therapeutic regimen adopted was necessarily varied to compensate 
for the individual needs of tlie patient. One of the characteristic features of 
the cliseaso was the marked dehydration present initially. The nonprotein 
nitrogen determinations were elevated in two patients even after several days of 
I'chydration and in a tliird before rehydration was accomplished. Probably the 
nonprotein nitrogen would have been elevated in the other two patients had 
this value hcen determined at the beginning of their hospitalizations. 

Blood cliloride values wore generally within normal limits, and blood non- 
protein nitrogen determinations wen; eonsistcut with tlie degree of dehydration 
evidenced by the patient. lu no patient could it be demonstrated that renal 
disease was a factor in the elevation of the nonproteiu nitrogen. A few fasting 
blood sugar determinations were normal Several blood calcium determinations 
in two patients experiencing eommlsioiis were normal 

Laige quantities of saline and glucose wero administered intravenously 
until adequate oral intake could be assured. As these individuals wore quite 
young, lai-ge quantities could be infused with relative safety. In all eases, 
adequate urinarj” flow was achieved. In no instance did edema occur except 
in one patient who developed piilinonary edema following repeated convul- 
sions. This edema quickly responded to morphine. 

Intravenous barbiturate sedation was essential in two men to control 
multiple coimilsions. Paraldehyde wa.s i-equisile for one man who iiad become 
aggres-sivc ami maniacal 

Sulfadiazine and penicillin wero instituted in all patients becau.se. at 
that time, the exact nature of the disease had not been ascertained. It is 
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doubtful whether this therapy altered the course of the disease itself in any 
waJ^ However, since among the Japanese bronchopneumonia was a common 
complication after the lysis of tlie encephalitic fever, chemotherapy may have 
had some value in the prevention of secondary infection. 

One of the most valuable therapeutic adjuncts rvas oxygen. Many ob- 
servers have expressed the opinion that the pathologic changes demonstrable 
at autopsy are to a large degree contingent upon anoxia. The salutory effect 
of oxygen was seen definitivelj’- in one patient. Patient M. B., Case 2, was 
receiving intranasal oxygen. After his initial convulsion had been controlled 
with Sodium Amytal and intranasal oxygen had been started, no further con- 
cisions occurred even in the absence of further sedation. At one period in 
the illness, oxygen rvas discontinued for thirty minutes because of a mechanical 
defect in the apparatus. At the end of this period of time, the patient became 
much more restless and more delirious and upon slight stimulation developed 
convulsive movements which threatened to culminate in a generalized g’rand 
mal type of attack. Intranasal oxj'gen was then reinstituted, and after fifteen 
minutes the patient could respond to some questions intelligently, the hyper- 
irritability of the central nervous .system had subsided, and even strong stimuli 
failed to elicit convulsive movements. Oxygen was again discontinued tem- 
porarily, this time purposefully, and in half an hour the patient had reverted 
to his foiTuer state of lethargy and hyperirritability. Thereafter oxygen was 
administered continuously, and the clinical response was swift and gratifjdng. 
It is interesting to note that oxygen was almost specific when there were abso- 
lutely no signs of circulatory distress. The chest and heart were nomal 
clinically and roentgenologically, and no clinical cyanosis nor respiratory 
distress Avas apparent. 

A second patient, Patient W. P., Case 3, already receiving oxygen, experi- 
enced recurrent convulsions and developed pulmonary edema. Intravenous 
Sodium Amjdal controlled the convulsions, and a hypodermic injection of 
morphine controlled the pulmonary edema. Thereafter, Avith intranasal oxygen, 
in the absence of fiArther sedation, the patient remained calm and free of con- 
vulsions. The role of oxygen in controlling the conAmlsions in this case is less 
cleai'-cut than in that of Patient M. B., Case 2, but it Avas difficult to escape 
the cliiAical impression that oxygen Avas at least partially responsible in the 
suppression of convulsions. In retrospect, oxygen probably shoiAld have been 
administered to all patients. 

Headache Avas a Amry distressing symptom. Frequently the simple pro- 
cedure of AvithdraAving 10 c.c. of spinal fluid for study ameliorated the head- 
ache considerably. All of the patients had slight elevations of the spinal fluid 
pressure. Aspirin and codeine AA-ere valueless. Some clinicians of the occupa- 
tion forces employed intramuscular caffeine and sodium benzoate AA'ith good 
results. We had wo experience AA'ith this method of treatment. 

Incontinence of urine and feces Avas a problem only so long as the patient 
Avas comatose. 

The remainder of the therapy Avas purely sjnnptomatic and similar to that 
employed in any acute infectious disease. Respiratory and intestinal isolation 
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tecliniques were instituted, but it is dubious whether the discfisc is contagious 
via the respiratory route. Those persons entrusted with the care of encephalitic 
patients in Japanese hospitals practice no precautions and seem none the worse 
for their multiple exposures. Throughout Japan there are extremely few 
instances of the disease occurring in moi*e than one member of a family. The 
necessity of adequate mosquito screening seems obvious. 

llany of the features of the disease can be discerned readily by a brief 
study of the charts. Necessarily, from such a small scries, no sweeping con- 
clusions can be drawn. Tiie.se cliarts represent only tlie clinical pictui’c in five 
patients seen at this Dispensary. Good correlation has been obtained, iiowever, 
^\’ith much larger series occurring among Japanese nationals throiigliout the 
empire. 

Initially, all patients were febrile, the height of the elevation ranging 
from 102° F. to 105° F. plus. Definite lysis of the fever occurred on the 
.seventh da}’ of the illness in two patients, on the eighth and ninth days in two 
othons, and on tlie tenth da}' in one. Tcmpei'ature lysis about the seventh day 
of the illne.ss is cliaractcristic of Japanese B cncephnUtis. It is interesting to 
attempt to correlate the degree of tlie febrile re.sponse wth the prevaling dis- 
turbance of the sensorium. Four patients had markedly disturbed sensoria. 
Tlie fifth, Case 4, Patient J. S., with an equally liigli temperature and with the 
most marked spinal fluid plcocytosi.s, was mcntall}’ alert and cheerful through- 
out Ills illness. 

Ilelative bradycardia wa.s present initially in only two patients. This 
quickly di.sappcared. 

Tlie blood leucocyte count varied from 10,000 to 15,000 on admission, and 
in the majority of these counts there was a decided “shift to the Icft.^’ The count 
retuniod to normal in three to seven days. 

Pleocytosis in the spinal fluid ranged initially fi-om 30 to 552 cells. In 
four patient.s there was a in-cponderaiicc of polymorphonuclear cells. In the 
fifth, no differential was done on admission. However, the next day the 
majority of cells in the spinal fluid were polymorphonuclear. The ratio of 
neutrophilic leucocytes to mononuclear cells was soon revei-scd, and subsequent 
spinal fluid examinations revealed a decided majority of mononuclear cells. 
Tlie Pandy reactions were positive, scmiqiiantitatively, from a trace to two 
plus. Tiiorc were no strongly positive Pandy reactions in any stage of the dis- 
ease. Spinal fluid sugars and chlorides were normal in all instances. Repeated 
smears of the centrifuged spinal fluid were negative for organisms. No 
bacterial growth was obtained on i-epeatcd cultures. Because of the difficulty 
in following these patients after their disoharge from tlie Dispensary and in 
order to avoid repeated lumbar punctui'cs, it was impossible to ascertain exactly 
the Icngtli of time requisite for all abnormalities to disappear from the spinal 
fluid. In the five patients, definite abnonnalities were found on tlie tenth, 
twentieth, twenty-first, thirty-second, and thirty-second days respectively. 

During the febrile episode there was transient, mild proteinuria, but this 
finding disappeared upon lysis of the fever. 
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The neurological picture during the course of tlie illness has been described 
in the case histories. Nuchal rigidity Avas present in all, although the rigidity 
was quite mild. In only one patient, Case 3, Patient W. P., did a cranial nerve 
palsy develop (seventh nerve), although a transient weakness of the external 
(lateral) ocular rectus muscles was present in Case 3, Patient W. F., and in 
Case 2, Patient M. B. All except one. Case 4, Patient J. S., experienced gross 
tremors of the upper extremities, lips, and tongue. It is noteworthy that the 
Japanese physicians consider a tongue tremor to be one of the first signs of 
recovery. This observation Avas not Avell correlated Avith the clinical course in 
this series. The ocular fundi AA^erc normal in all patients. Reflex changes Avere 
Amried and transient. At various stages of the illness there Avere hypei’aetive, 
hypoactive, and absent knee jerks, ankle jerks, and abdominal jerks. Kernig’s, 
sign Avas positive in some but not all patients. The Babinski Avas transiently 
positive in some. There Avas rapid disapiAearanee of neurological reflex ab- 
normalities after Ij'sis of the fever. All patients, except Case 4, Patient J. S., 
exhibited a lead-jjipe type of rigidity of tlie upiAer extremities. The sensoria of 
all patients, except Case 4, Patient J. S., Avere markedly deviated from normal. 
These patients Avere restless and aggressive, AA'ith alternate periods of lethargy. 
This is in marked contrast to the extreme constant lethai’gy usually preA'clant 
among native enceplialitis victims. 

One characteristic of the disease AA'hich deserves special emphasis is the 
rapidity of the patient’s recovery. He may appear moribund, and the outlook 
may seem virtually hopeless. Ea'cii in such instances recovery may be SAvift. 

There Avere no fatalities in this small series. The Jai>anese mortality rate 
of approximately 35.7 per cent is undoubtedly excessively liigli Irecause of the 
poor methods of treatment in their liospitals. Even during tlie acute stage, 
AA'hile the patient is comatose, only 500 c.e. of fluid are administered each day 
by intramuscular di’ip, according to the practice in one of their large hospitals. 
This amount is not varied, regardless of the degree of dely-dration, age, or 
size of the patient. “Acidosis” is “prcA'cnted” by the intraAmnous administra- 
tion each day of 20 c.c. of a 50 per cent glucose solution. Oxygen, apparently, 
is infrequentlj’', if ever, employed. A further disadvantage is the marked over- 
croAvding of their hospitals Avith encephalitic patients, rendei'ing very difficult 
the task of individualized attention by the staff of doctors. 

Tavo patients in this scries dcA'cloped minor phj^sical sequelae. In one. 
Case 1, Patient T. H., there Avas a definite change in the A'oiee. The patient 
developed a A-ery hoarse A'oice Avhieh improAmd after tAvo months. No paral.A’sis 
of the vocal cords has been demonstrated. The possibility of Aveakness of the 
superior larjmgeal nen'e Aims entertained. A second man. Case 3, Patient W. P-, 
developed Aveakness of the adductor of the left thumb and flexors of the left 
forefinger. Initially, sensory perception AA'as lost OA'er the dorsal and palmar 
aspects of the second and third fingers of the left hand. The sensory abnormali- 
ties disappeared, leaving the residual muscle AA'eakness outlined. Physiotherapy 
has greatly improved this condition. 

The possible permanent mental changes resulting from infection Avith the 
encephalitic virus Avould comprise a mo.st intei’csting and fruitful field for 
st Limitations of time and lack of trained psychiatric con.sultants pre- 
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vented a detailed investigation of this important aspect of the disease. Lack o£ 
knowledge concerning the behavioristic pattern of the patient prior to his 
illness represents an intiinsic impediment in a study of this type. Without 
pi’opcr controls, only gms abnormalities can be attributed to the disease. None 
of these patients exhibited any marked impairment of the process of cerebra- 
tion, Their iiitelieetual ability was well within the normal range when tested 
by simple measures such as arithmetic problems, ability to exercise judgment in 
simple situations, and general knowledge. 

Emotionally a similar pattern of dependence was evident in three of them. 
Even wlien the storm of the illness had passed and the patients were alert and 
recuperating remarkably, there was a strong reluctance on their part to attend 
in any way to their own needs. Only with difficulty, with the exception of one 
patient (Case 1, Patient T. H.), were they persuaded to abandon their recum- 
bent positions. Tlicy were veiy loath to accept again the responsibility of 
batliing tliomselves. One patient, Case 2, Patient 1\I. B., with a probable 
spondylitis, was extremely happy in his prolonged convalescence and almost 
refused to attempt anything for hiiiKseU except the ncttial eating of his meals. 
However, the remainder of the patient.? did bow to the inevitable and, with 
one cx'ception, Case 5, Patient H. W., were eager to return to their occupations. 
Case 5, Patient JL W., was anxious to rctuni home provided she could con- 
valesce for an indefinite period. Later it was ascertained that she promptly 
installed herself in bed at home and there remained for six weeks. The patient 
manifested extreme dependency, emotional lability, and was excessively de- 
manding of those who attended lier. Aceoixling to one of licr friends, she had 
definitely ‘^changed" since her illness. Lapses in recent memorj’ became 
obvious. Upon one occa.sio« while entertaining guests, her Imsband left the 
room for a few moments. Almost coincident with his departure his wife con- 
fided in a friend her anxiety concerning him, as he had failed to return liome 
tliat evening and had not called. Obviously, witli no adequate preeonfinement 
studies personality tendencies cannot indisputably be ascribed to the Japanese 
B vii’us. 

One man, Case 1, Patient T. H., who least displayed tJiis type of personality 
dependence, developed a curious propensity for inserting himself into odd and 
dangerous situations. He had a definite pmclivity for wandering through the 
women’s ward at night. He was content to confine his wanderings to the cor- 
ridors and never did he enter any of the rooms. lie had no explanation for lus 
behavior. In one instance, he stopped the elevator between floors, climbed on 
top, and was reclining comfortably when discovered. Again, there was no ndc- 
quntc c.vplanation. However, these bizarre quirks of behavior disappeared 
rapidly, and the patient was quite embarrassed when they were recalled to his 
attention. Interestingly enough, these peculiar phenomena occurred when the 
man seemed alert and well oriented It seems possible that the encephalitic 
damage occasioned these transitory abnormalities. 

All of the convalescent patients were unusually cheeifuL Even when 
residues such as facial nerve palsy or tremors were evident, the patients ignored 
them, magnanimously and refused to allow themselves to sink into the depths 
of depression. Only one patient, Case 5, Patient M W., was emotionally labile, 
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but even she usually maintained a cheerful equilibrium. This emotional lability 
persisted in her for approximately six weeks after disehai'ge. 

The routine course of immunization comprised the administration of 1 c.c. 
of the chick embryo vaccine at weekly intervals for two doses followed by an 
additional 1 c.c. one month later. Case 4, Patient J. S., had only two injections; 
Case 2, Patient M. B., had none; Case 1, Patient T. H., had completed his course 
of immunization ; Case 3, Patient "W. P., had been immunized in 1946 and had 
received a booster dose of 1 c.c. in 1947 and 1948; Case 5, Patient M. W., had 
received no immunization. 


SUMJtARY 

1. A series of five serologically proved cases of Japanese B encephalitis is 
presented. Six other patients with the same signs and smnptoras were hospital- 
ized during the epidemic Irat are not included in the series as no positive sero- 
logic proof could be obtained. 

2. Only two of the five patients had completed their immunizations against 
Japanese B encephalitis. 

3. The clinical features arc outlined. 

4. In addition to rehydration and sedation Avhcn necessary, o.xygen seems 
to be a valuable therapeutic adjunct. 

5. Only two minor physical sequelae occurred in five cases. Tliere were 
no deaths. 

6. The possibility of personality changes, resulting from the encephalitic 
virus, is discussed. 

7. Improved treatment will probably reduce considerably the high mor- 
tality rate for Japanese B encephalitis prevalent among the Japanese. 

Tlie author wislios to express liis appreciatioa to tlie Virus and Riekett.sial Section, 
400th Jledical General Laboratory, Tokyo, Hoii.slm, Japan, for the determination of comple- 
ment fixations and neutralization indices. 
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PANCREATITIS IN INFECTIOUS JIONONUCUEOSIS 

James Myhre, M.D., axd Samuel Nesbitt, JI.D., Ph.D. 

JIlKMEAPOLIS, JliN'N. 

P ANCREATITIS in association witli mumps is often mentioned, tlioiigli the 
literature on this point is not conclusive. Pancreatitis has been demonstrated 
definitely, however, in three patients with mumps, one at necropsy' and two at 
the time of surgical c-vploration.*' " 

There are few autopsy reports of ca.scs of infectious mononucleosis. In 
eight ca.se reports*' “• ’ tlie pancreas wa.s not mentioned. In three ca.se re- 
ports®' flic pancreas was described as noimal. There seems to be genera! 
agreement that infectious mononucleosis is a disesase which may affect many 
organs. 

Uuckc and Jlallory," in their e.\cellent study of the patJiology of hepatitis, 
did not mention the pancreas. Capps,'® however, mentions lesions occurring 
in the intestinal tract and in the pancreas. Comfort'® noted in one case a per- 
sistent stoatorrlica after infectious hepatitis and speculated on the association 
of pancreatitis with hepatitis. 

In order to e.vploro further the possibility tiiat pancreatitis may be assoeiated 
with. other \iral diseases, determinations of serum araylaso and lipase were made 
at appro.vimately weekly intervals on twenty conseeutivo patients with infectious 
mononucleosis and nine patienls with viral hepatitis. 

JIATEBIAL.S AWD METHODS 

Scrum uinjln.se 'vas determineil by the Somogji raethotl.J* Incubatioo times were 
tk’termined to the ueareft nimotc. The range of error in duplieate and triplicate deterniina- 
tioiis of the same specimen of normal scrum was 0 to 36 per cent \\ith a mean error of 6 
per cent. Seium hpasc was deterntinoO by the Cherry-Craluiallis method as modified by 
JlncIay.Je Titrations nere done with O.IK NuOH to the nearest 0.1 cubic centiinetor. The 
range of error on duplicate and triplicate determinations on the same specimen of normal 
scrum was 0 to 50 per cent with a mean error of 14 per cent. The mean control amylase 
value based on thirty-six normal .‘•ubjects was 140.4 units with a standard deviation of 55.7. 
Using throe times (he standard deviation as a entenon, tiie upper Jiniit of normal for tins 
group would be 313.5 Somog^'i units. The mean control hpa*>e value based on thirty-seven 
normal subjects uas 0.2“ c.c. with a standnni deviation of 0.16. Using three times tlie 
.'standard, deviation as a criterion, the upper limit of normal for this group would be 0.75 e.r. 
of O.IN NaOH. • 

From the Department of Internal Medicine. University of Jlinnesota School of Medicine 
and the Veterans Ho.'ipital. 

Abstract of a portion of the the«l< submitted by Dr. Myhre to the faculty of the Graduate 
School of the University of Minnesota School of 3I«wjcinc in partial fuiatJnient of tJie require- 
ments for the degree of Master of Science m Internal Medicine. 

Published with the permission of the Chief Medical Director. Department of Ateilicine, 
Veterans Administration, who assumes no responsibilit}- for the opinions expressed or conclu- 
sions drawn by the authors. 

Received for publication, Auff. J9, 1949, 
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RESULTS 

Two of the twenty patients mth infectious mononucleosis presented ab- 
normal serum enzyme values. In one patient values for both serum amylase 
and serum lipase were elevated, the highest serum amylase being 450 Somogyi 
units and the highest serum lipase being 1.7 c.c. of O.IN NaOH. The second 
patient had abnormal values of serum lipase, the highest being 1.0 cubic centi- 
meter. In this instance the values for serum amylase, although within the 
noi-mal range, increased from 108 to 228 units. Liver function tests were done 
in nineteen of these patients and suggested an associated hepatitis in eighteen. 

In nine patients with viral hepatitis, similar enzyme determinations at 
various stages of the disease gave normal results in all instances. Three were 
considered to be of the infectious tj'pe and six to be of the homologous serum 
variety. 

Because of their particular interest, the two patients with infectious mono- 
nucleosis who, during the course of their illness, exhibited elevated senim en- 
zyme values suggestive of an associated pancreatitis are presented in some 
detail. (Table I.) 

Case 1. — A 24-j'ear old, white, male school teacher, who had been in good health pre- 
viously, was admitted to the hospital Jan. 3, 19-18, complaining of headache and malaise of 
fourteen days’ duration and of sore throat and fever up to 103° F. for one week. Penicillin 
and sulfadiazine had been administered by his family doctor without benefit. Physical ex- 
amination revealed an acutely ill patient, the temperature being 103.4° P., and the presence 
of cervical, inguinal, and axillary adenopathy, marked tonsillitis, hepatomegaly, and spleno- 
megaly. The hemoglobin concentration was 12.6 grams per 100 c.c. of blood and the leuco- 
cytes numbered 20,800 per cubic millimeter of blood. The percentages of the various types 
of leucocytes were as follows: neutrophils 30, lymphocytes GO (many of them atj'pi'^^Li 
monocytes 2, basophils 1, and eosinophils 1. The Kalm test was 2 plus. Albuminuria was 
graded 2 plus and microscopic examination of the urine sediment revealed 3 to 6 leucocytes, 
occasional erythrocytes, hyaline casts, and granular casts per high-power field. Koentgeno- 
gram of the chest revealed moderate accentuation of the broncho-vascular markings bi- 
laterally and a faint suggestion of pneumonitis in the left lower lung field. Bromsulfalein 
retention was 10.5 per cent at 45 minutes using a dose of 5 mg. per kilogram per body 
weight. The result of the cephalin flocculation test was 3 plus in 24 hours and 3 plus in 48 
hours. The one-minute serum bilirubin was 0.2 mg. per cent and the total was 0.5 mg. per 
cent. Predominantly hemolytic staphylococci grew from a throat culture. 

A clinical impression of infectious mononucleosis was corroborated by the relative and 
absolute lymphocytosis, the appearance of atypical lymphocytes in the peripheral blood 
smear, and a strongly positive heterophile antigen-antibody agglutination titer. The labora- 
tory studies are presented in detail in Table I. 

On the thirty-first day of illness the serum amylase was 450 units and the scrum lipase 
was 1.7 cubic centimeters. In approximately twenty day's these values had returned to 
normal. A glucose tolerance curve at the height of the elevation of serum amylase and 
lipase was normal. 

Treatment consisted of bed rest, administration of 50,000 units of penicillin intra- 
muscularly every three hours for tho five days after admission, a high carbohydrate. Ion 
fat, and high protein diet with vitamin supplements and added brewers’ yeast. The Ivahn 
and Kolmer-Wassermann tests were negative after the patient had been two days in the 
hospital. The abnormal urinary findings disappeared after one week. A roentgenogram 
of the chest, taken ten days after admission, was normal. One week after penicillin therapy 
was discontinued a maculopapular rash appeared over the trunk. Tho liver was enlarged 
and tender for approximately one month after admission. There was never any abdominal 



Table I. Detailed Clinical and D\boratory Data or Tire Two Patients With Infectxoiis -Mononucleosis Who Had Elevated 

Values of Serum Amylase and Lipase 
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pain or diarrhea but occasionally the patient complained of backache. Appetite and strength 
gradually returned and the Ijunphadenopatliy decreased. During the course of the illness 
the patient lost 23 pounds in weight. 

Case 2. — A 21-year-old, white student nurse who had previously been in good health 
was admitted to the hospital April 4, 1948, complaining of a slight cold and nasal congestion 
of five days’ duration. Two days before admission she had noticed fever, fatigue, chilly 
sensations, and loss of appetite. Physical examination revealed an acutely ill patient with 
a temperature of 102° F. There was a slight mucoid nasal discharge. The throat was 
normal in appearance. The heart and lungs were within normal limits. A slightly enlarged, 
tender Ijunph node was found in the right anterior cervical region. The liver and spleen 
were not enlarged and there was no rash. 

The hemoglobin concentration was 12.6 grams per 100 c.c. of blood and the leucocytes 
numbered 8,000 per cubic millimeter. The percentages of the various leucocytes were as 
follows: neutrophils 61, lymphocytes 34, monocytes 3, and eosinophils 2. The Kahn test 
for syphilis was negative. The urinalysis did not reveal abnormalities. Eoentgenogram of 
the chest was normal. Streptococcus viridans and Neisseria eatarrhalis grew from a throat 
culture. The heterophile antigen-antibody titer was 1 :448. The cephalin flocculation test 
gave 3 plus results in 24 hours and 48 hours. The one-minute and total serum bilirubin 
concentrations were 0.2 and 0.5 mg. per cent respectively and the bromsulfalein retention 
with a dose of 5 mg. per kilogram of body weight was 11 per cent. Alkaline phosphatase 
was 10 King-Armstrong units. The prothrombin time was 44 per cent of normal. Total 
proteins were 6.2 grams per cent with 3.3 grams per cent of albumin and 2.9 grams per cent 
of globulin. The blood cholesterol was 134 mg. per 100 c.c. of serum with 42 per cent 

cholesterol esters. Bleeding time, clotting time, and platelet counts were normal. Two 

routine blood cultures and one blood culture with increased carbon dioxide tension were 
sterile. The blood was type 0 and Eh negative. 

On the ninth day of illness the serum amylase was 108 Soraogyi units and on the 

twentieth day, 158 units. On the twentj'-second day the serum lipase was 1.0 c.c. of O.IN 

NaOH and on the twenty-third day was 0.9 cubic centimeter. On the twenty-fourth day the 
serum amylase and lipase were 228 units and 0.6 c.c. respectively. Subsequent values for 
serum lipase rapidly returned to normal and the serum amylase decreased to 120 units. At 
this time the fasting blood sugar was 96 mg. per cent and the urinalysis for sugar was nega- 
tive. 

Subsequent development of an absolute lymphocj-tosis, the appearance of atjq)ical 
Ij-mphocytes in the stained peripheral blood smear, and a strongly positive heterophile anti- 
gen-antibody titer established the diagnosis of infectious mononucleosis. See Table I for 
complete details of the laboratory studic.s. 

On the tenth day of disea.se numerous petechiae were noted on the liard palate which 
persisted approximately four days. About the same time the normal pharynx became injected 
in appearance, the tonsils were covered by a grayi.sh-white membrane, and at this time the 
predominant organism on throat culture medium was nonhemolytic streptococcus. The sore 
throat accompanied by headache and pain on moving the eyes had nearly disappeared when, 
on the fifteenth day of illne.os, the patient became markedly anorexic and nauseated and 
vomited repeatedly. Treatment at this time entailed administration intravenously of solu- 
tions containing glucose, Paronamine, B complex vitamins, ascorbic acid, and SynkajwJte. 
The liver became tender to percussion but still was not enlarged. The patient became 
afebrile on the twenty-second day of illness and by the twenty-ninth day she was sufficiently 
improved to be discharged to her home for gradual resumption of activities. She had lost 
at least S pounds in weight. 


SUMMARY AND CONCLUSIONS 

1. Twenty consecutive cases of infections mononucleosis were studied at 
weekly intervals and in two instances a definite elevation of the values of semm 
amylase and lipase was demonstrated. This finding is suggestive of an as- 
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soeiated pancreatic disturbance which to our knowledge has not been described 
previously in patients with infectious mononucleosis. This was possibly a pan- 
creatitis, but IjTnph node obstruction of the pancreatic ducts must be considered. 

2 , In nine cases of viral hepatitis the serum amylase and lipase detemina- 
tioDs "were made at varjdng inteiwals and no elevated values were found. Ko 
conclusions can be drawn from tliis small series except that tliere ^vas no evi- 
dence for pancreatitis at tlie time the determinations were made. This series 
siiould be extended and the possibility of pancreatitis occurring in other viral 
diseases should be explored. 

3. It is quite possible that many asymptomatic, acute, subacute, and chronic 
inflammatory changes of the pancreas exist in association with viral diseases 
which at the present time are not appreciated. It is conceivable that such in- 
fection may play a role in the etiology of chronic relapsing pancreatitis, the 
pathogenesis of which remains obscure. 
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A CASE OF CONGENITAL IDIOPATHIC METHEMOGLOBINEMIA 


Ben Fisher, M.D., and J. Waide Price, Ph.D. 

CLE^'ELAND, OHIO 

T he differential diagnosis of cj'anosis in the adult does not often present 
a difScult problem except in the instance of chronic, persistent cyanosis 
whicli does not vaiy. This is more interesting if the patient is middle aged or 
older, and if the cyanosis has been present during the greater part of his life. 
Proper consideration must be giA'en to cyanosis produced by altered hemo- 
globin compounds within the circulating blood. The nature of the compound 
and its concentration in the blood are important in the diagnosis, treatment, 
and prognosis of these disorders. The tliree pigments (always intraeorpus- 
cular) which most frequently produce cyanosis are: reduced hemoglobin -(as 
in cardiopulmonary disease), methemoglobin, and sulf hemoglobin. When these 
are present in the blood in concentrations of 5, 1.5, and 0.5 Gm. or less per 100 
ml. of blood, respectively, cyanosis may be clinical)}’' evident.^ Minute amounts 
of methemoglobin ,(0,03 to 0.13 Gm. per 100 ml.) have been reported in the 
blood of normal persons.^ This may be a normal stage in the degradation of 
the pigment. The compounds liave several definite chemical and physical 
properties by which they may be identified.® 

Clinically, methemoglobinemia may be primary or secondary. The sec- 
ondary type is more common and is most often due to drug toxicity. Anemia 
aucl/or granulocytopenia are usually accompanying findings in chronic eases, 
and the .systemic effects are striking. Of much less frequent occurrence is 
the primary tyiie. There is no anemia ; indeed, a polycythemia is often present 
apparently as a compensatory measure. Systemic symptoms are exceptionally 
mild, and a familial incidence has been noted in man}*^ of the cases reported. 
Since the condition is rare, the following case is believed to be of interest. 

CASE REPORT AND EXPERIIIENTAL STUDY 

A 61-ycar-ol(l white man was admitted to the Marine Hospital with complaints of 
failing vision in both eyes. On physical examination, bilateral cataracts were discovered. 
It was also noted that the patient had a marked cyanosis of the mucous membranes, bps, 
and lingers, and a slate gray color of the skin all over the body. There was no clubbing of 
the digits, and the conjunctival and retinal blood vessels were engorged. The patient stated 
that his blue-gray skin coloring had been present “since birth,” and tliat people had fre- 
quently remarked about it when he was a child. No other familial instance could be elicited. 
There was no history of prolonged drug ingestion, and sj-stem review failed to disclose an} 
abnormality of gastrointestinal function. The patient had no complaints other than his 
visual disturbance, and cardiopulmonary disease was ruled out by physical e.xaraination, 
x-ray and fluoroscopic studies, and normal electrocardiographic tracings. 

From the United Sf.ates Warine Hospital, and the Institute of Patholog}', W^e.stcrn Re- 
serve University School of Medicine. 
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The patient was seen in consultation by Dr. A. J. Beams,* who suggested a diagnosis 
of idiopathic methemoglobinemia. A sample of blood was e.Tam5ned and found to contain: 
total hemoglobin, 21.9 Gm. per 100 ml ; oxj'hemoglobin, 14.3 Gm.; and the difference, 7.0 
Gm., was nonfunctional hemoglobin which showed a spectroscopic absorption band similar 
to that of a known metheraoglobin solution. Laboratory findings at this time revealed noth- 
ing of significance except an icterus index of 17.6 units; red blood cells, 6,S50,00D per cubic 
millimeter; and a hematocrit of GS per cent packed red cells. Tlie red cell indices revealed 
a mean corpuscular volume of IOC c.micra and mean corpuscular hemoglobin concentration 
of 29.2 per cent. The white blood cells were normal. 



Fig". 1. — Sternal bone marrow' (XSSO) showing normoblastic hyperplasia. 


The patient was operated on for a cataract of the left eye and then discharged from 
the hospital. Four months later he was asked to return to the hospital and was admitted to 
the medical service for further study of his methemoglobinemia. On this second admission 
he had no complaints and was not dyspneic. The phj'sical examination was essentially the 
same as on the first admission except for a partial left iridectomy and absence of that lens- 
The blood pressure was 150/34, temperature 96.2* F,, pulse SO, and respirations 24. The 
red blood cell count was 5,930,000 per cubic milUnieter, with a licmoglobin of 18.9 grain«. 
The hematocrit was G1 per cent. When venous blood was drarni it liad a dark, chocolate- 
brown color. Exposure of the blood to air over a period of twenty-four hours produced no 
noticeable change in color, and long periods of oxj'gcn inhalation did not affect the patient 
cyanosis. The reticulocytes numbered 0.7 per cent, and the icterus index was 13,0 units. 
The total hemoglobin nie.asurcd 19.9 Gm., o^hcmoglobin, 12.5 Gm., and methemoglobin, 7,4 
Gm. per 100 ml. of blood prior to the beginning of therapy. Aspiration of sternal bone 
marrow yielded a moderately thick marrow nliich was also chocolate-brown in color. The cen- 
trifuged marrow showed fat, n per cent; plasma, .12 per cent; huffy (myeloid; crythroid) 
layer, 9 per cent; and red ceU.<«, 53 per cent. Marrow smears showed an erytlsroid hj’per- 
plasia at the normoblast level. (Fig. 1.) 

•Clinical Professor of Medicine, Western Reserve L'niiersity School of Medicine. 
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Fig. 2 — The effect o£ ascorbic acid on nietliemoglobin. 

The patient was then started on oral treatment with ascorbic acid in doses of 300 mg. 
each day. Clinical improvement was slow at the start but easily noticeable by the third 
day of therapy. On the fifth day the patient noted the change in his color, and the venous 
blood appeared more red. At the end of ten days, the labial and pngival cyanosis was 
almost gone. By the end of the second week, the total blood methemoglobin had been re- 
duced to almost one-half (Fig. 2). The laboratory findings during this therapy are summar- 
ized in T.able I; the changes in methemoglobin arc shown in Fig. 2. 

This therapy was continued for one month, during which time the patient’s skin color 
became more pink. The venous blood appeared almost normal in color, and the methemo- 
globin level dropped to 1.9 Gm. per 100 milliliters. By tho end of this time, the patient 


Table I. LABOHATony Data DuniKo Period of TuERApy 



DAY OF THERAPY 


R.B.C. (millions) 

Total Hb. 

(Gm. per 100 ml.) 

Hematocrit 09.0 

(9fc packed red cells) 

Icterus indo.v (unit.s) 13.0 

Reticulocytes (%) 0.7 


Urine: Bilirubin negative in all specimens; urobilinogen present in normal amounts 



6 

10 

13 1 

17 


0.31 

1S.9 

7.19 

20.9 

5.97 

19.5 

0.20 

19.5 

0.87 

19.5 

06.5 

09.0 

03.0 

02.0 

62.0 

S.6 

O.S 

7.7 

10.4 

0.7 

12.0 

0.3 

11.0 

0.3 



















CASE Of congenital idiopathic JIETHESIOGLOBINEMIA 


1679 


^^islled to be discharged from the hospital. He was placed oa outpatient status and given 
a supply of ascorbic acid, but he failed to return for follou-up. Two months later he 
returned for more ascorbic ’acid, and further data were then obtained. His skin color was 
definitely a normal pink hue, and the venous blood had a normal dark red color. The 
laboratory findings at this time are listed as **83rd day" in Table I and Fig. 2. The 
bone marrow showed no significant change. 

DISCUSSION 

This case was of interest for several reasons: the ehronicity of the illness, 
the high initial mcthemoglohin level, and the response during the period of 
therapy. The patient was able to carry on strenuous work over a period of 
years, as a merchant seaman, without dyspnea, fatigue, or other constitutional 
symptoms. Pinch, ^ who reviewed this subject exhaustively in 1948, stated 
that he saw a patient with a metbemoglobin level of 40 per cent who was able 
to carry on strenuous work ; our patient had 37.2 per cent. A more remark- 
able point of interest arose during the coiu*se of therapy. Although the usual 
response with treatment is a reduction in metbemoglobin and total hemoglobin, 
our patient exhibited a different coui*se. As the metbemoglobin decreased, the 
total hemoglobin remained stationarj’ and the o.xyhemoglobin level rose. The 
red cell count and hematocrit also remained fairly stationary. This was entirely 
contrary to our e.xpectations, since we anticipated hemolysis of the excess 
erythrocytes as the methemoglobin was reduced. Undoubtedly the chronic 
anoxemia present for so many years proved a potent stimulus to the crythro- 
genic elements of the hone marrow. Had we been able to follow the patient 
for a longer period, it would have been interesting to note how long a time 
elapsed before the number of circulating red colls became reduced in number. 

At least sixteen proved eases of congenital idiopathic methemoglobinemia 
had been reported in the literature up to the time of Pinch’s review (1948). In 
eight, there was a familial incidence. In 1947, Condounis and associates' 
reported fourteen cases, all occurring iu a Greek family within four consecutive 
generations ; four pairs of siblings were affected by the syndrome. The name 
of the family was Vophtochilari, which the authoi*s translated as “people with 
discolored lips.” Sievers and Ryon“ stated that they were able to tabulate* 
eighteen reported cases up to 1945, and they added one of their own. Gibson 
and Harrison (1947)® reported five cases in one family. Bensley, Rhea, and 
Mills (1938)^ reported two cases occurring in a brother and sister and stated 
that these were the first in which the diagnosis was established definitely. They 
added that the cyanosis was constant and was not affected by anj’ form of 
therapy ; vitamin C was not used. 

Other cases have been reported in the literature from time to time. In 
some, history of drug intoxication could not be ruled out. Others were given 
the name of “enterogenous cyanosis,” supposedly associated with constipation 
and production of large amounts of nitrites by the bacteria of the intestinal 
tract. 

To Lian® is ascribed the first use of ascorbic acid in the treatment of 
methemoglobinemia. It w’as believed to be superior to raethylepe blue. Ascorbic 
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acid has been used in many of the cases reported since then, almost all with 
excellent results^'’ The oral route is as effective as the parenteral, and Graybiel 
and co-workers” have found that concomitant administration of sodium bicar- 
bonate decreases the urinary excretion of vitamin C and the rate at which it 
disappears from the blood. King, White, and Gilchrist^® found that regardless 
of the amount of ascorbic acid given to their patient, the methemoglobin level 
could not be reduced below 7 per cent of the total blood pigment, Gibson and 
Harrison® also found that they were not able to reduce the total methemoglobin 
below 1.0 Gm. per 100 ml. of blood by the use of vitamin C. Our findings, over 
a short period of time, are similar to these. 

Normally, the mammalian anuclear erythrocyte reduces methemoglobin 
by an enzymatic process in which glucose and lactate are the principal sub- 
strates. Clinical methemoglobinemia may then be produced by absence or 
failure of this reconversion mechanism (primary) or by the action of oxidants 
which produce methemoglobin more rapidly than the cell is able to reduce it 
(seeondaiy). Further, the o.xygen dissociation curve is normal in primary 
methemoglobinemia, whereas that induced by drugs shows a shift to the left.^ 

Gibson proposes that the erj'throcytes of primary methemoglobinemic pa- 
tients are deficient in coenzyme factor I, wdiich functions with triose phos- 
phoric and lactic enzymes of the red blood cell to facilitate reduction of met- 
hemoglobin to hemoglobin. Methylene blue is therefore thought to catalyze 
reduction of methemoglobin by enzymes otherwise unable to bring about this 
reaction. Ascorbic acid, by contrast, reduces methemoglobin directly, but is 
never complete.® 

These differential diagnostic features are important in providing the proper 
therapy for methemoglobinemia. 


SUMMARY 

A case of congenital idiopathic methemoglobinemia in a 61 - 3 'ear-old man 
is presented. The patient was treated with daily oral doses of 300 mg. of 
ascorbic acid and showed an excellent, though somewhat unusual, response to 
therapj'. The ease is of interest because of the age of the patient, the chronic- 
ity of the disease, and the trend during therapy. Some of the pertinent liter- 
ature is reviewed briefly. 
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A SIMPLIFIED TURBIDIMBTRIC METHOD OP AUREOMYGIN .ASSAY 
FOR CAPILLARY BLOOD AND OTHER BODY FLUIDS 

Coleman M. Whitlock, Jr., M.D., Andrew D. Hunt, Jr., M.D., and 
Sylwa G. Tashman, A.B. 

Philadelphia, Pa. 

F rom studies on various methods of bio-assay for aureomyein, a turbidimetric 
method has evolved which is sufficiently accurate and sensitive in the pres- 
ence of bodj' fluids for investigative purposes and is sufficiently simple for 
routine use. It also meets a prime requirement for pediatric use in that an 
amount of blood adequate for serum assay can be obtained from a single finger 
or heel puncture. Osgood and Graham’ developed a similar tui'bidimetrie method 
of assay for penicillin, streptomj’'cin, and trivalent organic arsenieals. Meads and 
co-woi’kers^ adapted it to the assay of aureomyein. We found that for aureomyein 
the accuracy of this method in the presence of body fluids is increased ap- 
preciably bj’’ substituting a standard curve containing four points for the single 
standard used by the original workers and that this change also simplifies the 
method by eliminating most of the mathematical details involved in computing 
the results.® Several other minor modifications were also helpful. It therefore 
seems worth while to publish the details of this method as it is being used in our 
laboratory. 

details op technique 

Materials . — A Klett-Summerson colorimeter witli a No. 6G0 filter; sterile matched 
colorimeter tubes with rubber stoppers, 0.85 per cent saline, 1 and 5 c.c. pipettes; a 37 
C. water bath, an ice water bath in the refrigerator, and standardized, uncontaminated test 
organism (Oregon J strain of Staphylocoems aureus — American Type culture collection No. 
9S01) are used. 

Tlie organism is standardized as follows: 5 ml. amounts of a fresh one- to tliree-hour 
brotli culture* are added to 100 ml. amounts of sterile Bacto-Tryptose Phospliate Broth 
(Difeo), which is then incubated in the 37° C. water bath until the optical density of the 
culture as determined by colorimeter readings at fifteen-minute intervals is appro.vimatcb' 
fifteen points (twelve to eighteen points) greater than that of a broth blank. This usually 
takes two and one-half to three hours. At this point, growth is stopped by transferring 
the culture to the ice water bath. This, the standardized culture, is kept in the ice water 
bath until used and is made up fresh every four days. 

From The ChiUlren’s Hospital of Philadelphia (Department of Pediatrics, School of iledi- 
clne. University of Pennsylvania). 

The aureomyein used in this .study was supplied by Lederle Laboratories Division of the 
American Cyanamid Company. 

Those studies were conducted under contract with tlie Department of the Army, Chemical 
Corps, Camp Detrick, Jlarj-land. 

Received for publication, Aug. 1. lOJ!). 

•This is prepared by inoculating Bacto-Tryptose Phosphate Broth from the stock culture. 
The stock culture is kept on a nutrient agar slant in the refrigerator. A fresh slant Is prepareu 
every two weeks. Each new slant is checked for contamination before u.se. 
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A series of previously matclied, cotton-plugged, sterile colorimeter tubes is arranged 
for assay as shown in Table I. As soon as all dilutions are made, sterile rubber stoppers 
are inserted into the tubes and the solutions agitated by inversion of the tubes. The 
colorimeter is set at zero with the blank tube, and the turbidity of each remaining tube 
is read rapidly in a predetermined order. Immediately after reading, each tube is placed 
in the 37® C. water bath. Four hours later each tube is individually removed from the 
Water bath, wiped, agitated, and reread in the same order. 


T.\ble I. RlATEPaALS Added ia Tubes for Turbidimutric Assay of Aureomycin 
IN Body Fluids 


TUBE 

1 

i APPROPRIATE 
BODY FLUID* 

1 (ML.) 

SALINE 

(ML.) 

1 MICROCRAMS 0 
1 PER ML. 0 

FOP. URINE 
ASSAY 

F AUREOMYCIN I 
P SALlNEt 

1 FOR SERUM 

1 AND .SPINAL 

1 FLUID ASS.VY 

STANDARDIZED 
TEST CULTURE t 
(ML.) 

Blank 

0 

5.0 

0 

0 

0 

Control 

0.5 

0.5 

0 

0 

4.0 

Standard 1 

0,5 

0.5 

2.0 

1.0 

4.0 

2 

0.5 

0.5 

1.0 

0.5 

4.0 

3 

0.5 

0.5 

0.5 

0.25 

4.0 

4 

0.5 

0.5 

0.25 

0.125 

4.0 

Unknown 1 

0.5 

0.5 

0 

0 

4.0 

2 

0.5 

0.5 

0 

0 

40 

Ere. 

n.o 

0.5 

0 

0 

4.0 


•Contains no added aureomycin. 

tAurcomvcln dilutions freshly made from a 5.000 ng per milliliter of aureomycin solution, 
which is made up fresh evcr>’ two weeks from lyophllired aureomycin and kept at 4* C. 

tAdded last while still at 4* C. 

Computation of the results lunges on the principle demonstrated by Osgoodi that, 
in the case of a sensitive organism, when sufficient bacterial growth has occurred to pro\’ide 
for differences that can bo accurately measured, the concentration of tho appropriate anti- 
biotic is proportional to the square of the difference between the turbidity of a control 
tube and the turbidity of a tube containing the antibiotic. The details are described as 
follows and are illustrated in Table IT. The increase in turbidity between the four-hour 
reading and the zero-hour reading is determined in each of the four standard tubes (con- 
taining known amounts of aureomycin), each of the unknown tubes (containing the body 
fluid to be assayed), and the control tube (containing no aureomycin). The increase in 
turbidity (which is the measurement of bacterial growth during the four hours of incu- 
bation) of each standard tube and each unknown tube is then subtracted from the increase 
in turbidity of the control tube. The difference in turbidity increase between the control 


Table II. Computation op Results for a Serum Standard Cuuyf. 


TUBE 

AUREOMYCIN 
(7 PER ML.*) 

TURBIDITY IN I 
klett units 1 

TURBIDITY 
INCREASE 
<4 IIR- O UR. 
READING) 

difference 

IN TURBIDITY 
INCREASE BE- 
TWEEN CON- 1 
TROL AND 
STANDARD ! 

, DIFFERENCE 

IN TURBIDITY 
INCRn.\SE BE- 
TWEEN CON- 
TROI, AND 
STANDARD, 
SQUARED 

1 0 IIK-f 1 

4 UR. 

Control 


0 

46 

133 

87 



Standard 

1 

1.0 

47 

70 

2.'*. 

G4 

4,104 


2 

0.5 

47 

85 

3S 

49 

2,401 


i 

0.25 

44 

102 

5S 

29 

841 


4 

0.125 

46 

121 

75 

12 

144 


•Concentration In saline added to tubes. Final concentration is one-tenth of this. 
tThls reading corrects for slight differences In optical density of the individual tubes and 
Individual specimens. 
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tube and each of the standard and unknown tubes is squared and is, by definition, propor- 
tional to the amount of antibiotic present. The squared values for the standards are 
l)lotted along the abscissa of semilog paper against the known concentrations of auroomycin 
per milliliter of saline (see Fig. 1 and Table I). A standard curve is drawn through the 
four points obtained. The concentration of aureomycin in the unknowns is read oft this 
curve using the squared values for the unknowns obtained as described. 

SERUM standard CURVE 



Difference in Turbidity Increase Between Control and Stondord, Squared 

Fig. 1. — The four standard points are plotted in large dots, while twelve simultaneously 
determined intermediate values arc plotted in small dots. Tire concentrations of aureomycin 
plotted on the ordinate of this graph are ten times the final concentration of aureomycin In the 
standard tubes and therefore correspond to the concentration of aureomycin in an unknown 
solution before it is diluted by addition of saline and standardized test culture (see Table I). 

Blood is collected from a finger or heel puncture and the serum is separated for assay 
as previously described by one of us (A.D.H.).'* The collecting tube is made either from 
a three-inch length of glass tubing, with one end sealed, or from a 7.5 by 95 mm. shell 
vial. The open end is draivn out to a capillary tip and sealed. The wide portion of the 
tube is held over the flame and an air vent is quickly produced in the softened glass by the 
e.vpanding air within the sealed tube. For the collection of blood, the capillary tip is 
broken ofif near its base. The finger or heel is punctured so that a free flow of blood is 
obtained. The tube is held in as nearly vertical a position as possible and the blood readily 
flows into the tube and down to the base. The tubes are stood upright until the blood is 
clotted; then the tube is filed oif just above the surface of the blood. The clot is broken 
up with an applicator stick and the tube is centrifuged at 1,500 to 2,000 revolutions per 
minute for fifteen minutes. The supernatant serum is then pipetted off with a capillary 
pipette for assay. After a little practice with this technique, one can consistently collect 
1.5 ml. or more of capillary blood from a single skin puncture. 

Unknown scrum and spinal fluid specimens are run in 1:1 and 1:8 dilutions,* thus 
bringing a maximum of S fxg per milliliter of aureomycin within the detectable range of 
the method. Similarly, unknown urine specimens are run in 1:20 and 1:100 dilutions to 
detect a range of 5 to 320 Ag per milliliter of aureomycin. Those predilutions are made in 
the typo of body fluid being ass.nyod. Serum! for them is obtained from the blood bank, 

•For maximum accuracy, a .separate pipette is used for each step in the dilution of serum 
specimens. 

tTwenty individual siiccimens of human scrum were tested simultaneously under the oore 
dltlons of this method and no .significant difference was found in the growth of the test eTgams 
among these sera. Serum, however, does stimulate the growth of the test organism marKtuo 
when compared with tlie a.s.say brotli. Keeping the serum concentration constant in all tnc mu . 
of a serum assay controls this factor. However, the concentration of aureomycin in an unKuoui 
specimen is calculated from the tube with the greatest predilution when there is n bhoice,^ n„l,] 
most of the body fluid in prediiuted specimens comes from the same source as the body 1 1 
used in the standard and control tubes. 
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spinal fluid from air enccplialograpluc studies, and urine from laboratory personnel. All 
body fluid for dilution of unknown specimens is kept frozen until used. Correction for 
such dilutions is made in calculating the results. 

Aurcomycin in a concentration of 1 Mg per milliliter in serum and 40 Mg per milliliter 
in acid urine shows no appreciable loss of activity when kept at -20® C. for one week. 
However, aureomycin in spinal fluid in a concentration of 0,23 Mg per milliliter shows about 
a 50 per cent loss of activity if kept at -20® C. overnight. Therefore, unknown specimens 
of serum and acid urine arc kept at -20® C. until a convenient time for assay, but spinal 
fluid unknown specimens are assayed on the day collected. The pH of all urine used is 
adjusted to 7.2 just before assa 3 \ 

Kopheate determinations of either controls, standards, or unknowns do not appreciably 
enhance the accuracy of the method. A separate standard curve is required for each type 
of body fluid on each day of assay. 


RESULTS 

Tlie results of otic liiUKlred and four consecutive determinations of laiotvii 
concentrations of aureomycin intermediately spaced between the values used to 
make up the standard curve are tabulated in Tables III, IV, and V. One 
experiment using serum is illustrated in Pig. 1 in which it will be noticed that 
the standard curve approaches a straight line on semilog paper. A similar 
straight line is obtained with the other two body fluids tested. The percentage 
error of each determination has been computed. For urine, the range of 
error is 0 to 42 per cent, w'ith a mean of 12.4 per cent j for spinal fluid, the 
range is 0 to 35 per cent, with a mean of 12.3 per cent ; for serum, the range 


Tadle III. Recoveky of Known Concenth.vtions or AuftEOMYciN in Uiune 
F noM 50 Consecdtive Dctcrminations 


known 7 
aureomycin 

PEP. ML. 

l.GO 

1 50 

o.so 

0.60 

0.40 

0.30 

Recovered 7 
aureomycin 
per ml. 







Determination 1 

1.4S 

1.20 

0 84 

0.56 

0 3G 

0.26 

2 

1.4S 

1.33 

0.84 

O.GO 

0.39 

0.27 

3 

1.50 

1.33 

0.80 

0.62 

0.50 

0.33 

A 

1.55 

1.40 

0.00 

0.62 

0.50 

0.36 

5 

1.50 

1.40 

1.00 

0.73 

0..50 

0.3S 

i 

1.75 

1.55 

1.00 

0 73 

0.50 

0.4'^ 

Table IV. 

Recovep.y or Known CoNCESinATiONS or Aup.eumycin in 
FPvOm 50 Consecutive Determinations 

SERUM 

KNOWN 7 
aureomycin 







per ml. 



0,40 

0.30 


0.15 

Recovered 7 
aureomycin 
per ml. 







Determination 1 


0.56 

0.35 

0.20 

0.14 

0.13 

2 

0.74 


0..3C 

0.2s 

O.IC 

0.13 


0.77 

0.60 

0.39 

0.29 

O.IS 

0.34 

* 


0.62 

0.41 

n..3i 

0.10 




0.62 

0.42 

0.31 



C 


o.ri 


0.35 


0.15 
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Table V. Kecovehy op Kkoavk CoxcENTnATioxs op AunEoMYCiN in Swnal Fluid 
F iioit ;!2 Consecutive Deterjiixations 


KNOWN y ! 

ATTfiEOMYCIN 1 
PEU Uh. ' 

j ! 

1 0,87 

1 

1 

! o.so 

i 0.75 

0.62 

O.GO 

0.40 

i 

0.?>7 j 

1 

o.ao 1 

1 

1 

0,20 I 

{ 0.15 

Recovered y 
aureomyein 
per ml. 











Detexraina- 

tion 1 

0.G7 

0.73 

0.47 

0.53 

0.57 

0..33 

0.29 

0.23 

0.17 

0.13 

2 

1.00 

0.78 

0.47 

0.53 

0.02 

0.33 

0.29 

0.2G 

0.19 

0.1.3 

3 

- 

0.7S 


- 

O.C2 

0.40 


0.30 

0.20 

0.14 

4 - 

0.78 

- 

- 

O.GS 

0.44 

- 

0.32 

0.20 

0.14 


is 0 to 35 per cent, Avith a mean of 8.3 per cent. The accuracy of this method 
appear.? to be distinctty superior to that avo achicAmd, in the presence of 
body fluids, Avith tlie original turbidimeti-ic method of Jleads and a serial 
dilution method of aureomyein assajL^ Furtlicrmore, it is possible to detect 
0.1 /tg of aureomyein per milliliter or less in the presence of the three body 
fluids tested, so that its scnsith’ity compares favorably Avith the sensitivity of 
the other methods currently in u.sc.^ The mctliod is not as accurate in concen- 
trations beloAV 0.125 ;tg per milliliter as in higher concentrations, hou'ever. 


CONCLUSION 

A modification of Meads’ tnrbidimetric mclhod of aureomyein assay has 
been described. It appears to provide a simple and accurate means of assaying 
loAv concentrations of aureomyein in small volumes of various body fluids. 
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A ]\IICR0i\IETHOD FOR BLOOD PENICILLIN ASSAY 


Gavin Hildick-Smith, M.D., and Mary Fell, B,S. 
Philadelphu, Pa. 

I N MAKING frequent penicillin plasma determinations in children, it is help- 
ful if a method can be used which requires such a small amount of blood for 
each assay that it can be obtained from a puncture wound of the finger as 
opposed to withdrawal by venipuncture. Fielding^ described a micromethod 
requiring as little as 0.25 ml. of fluid for assay in which the test organism was 
the O-xford strain of Staphylococcus aureus grown in glucose scrum medium con- 
taining Andrade’s indicator. The principle of the test was the detection, by 
means of the color indicator, of the pH change induced in the medium by the 
breakdown of glucose during the growth of the test organism. When the 
growth of the organism was prevented by a given amount of penicillin, then no 
color change would occur. The minimum amount of penicillin which prevented 
the growth of the organism was that present in the last tube showing no color 
change. 

In the procedure described by Fielding, tbc test organism and body fluid 
to be tested were mixed on a paraflined slide, and then taken up in capillary 
tubes following the technique of Fleming.* Because this technique is not com- 
monly employed routinely in this country, it seemed advisable to attempt to 
utilize the same principle and devise a micromethod employing the more con- 
ventional procedures involved in serial test tube dilutions. The method to be 
described fulfills the following criteria: (1) It requires only that amount of 
blood which can be taken easily from a finger prick. (2) It uses an easily 
prepared test medium. (3) The end point is easily read by moans of a sharp 
color change. (4) Tlie procedure is one commonly employed in serology. (5) 
Finally, its accuracy appears to be superior to that obtained by the widely em- 
ployed method described originally by Raminclkamp® and frequently modified. 

TECHNIQUE 

Collectinp of Blood . — The tube which was found con\pnieut for drawing blood and 
separating the scrum has been described previously* and is illustrated in Fig. 1.* 

Blood was tahen from finger or heel puncture by capillarj' attraction and allowed to 
clot in the body of the tube. The tube was then filed and broken off above the level of 
the blood which was then centrifuged at 1,500 to 2,000 r.p.m. for ten to twenty minutes. The 
serum that separated was pipetted off for testing. 

OrfifiniSHi. — The organism used in this laboratory was Staph, aureus (F.D.A. strain 
209). There is no reason why any penicillin-sensitive, easily cultivated organism could not 

From The Children’s Hospital of Philadelphia (Department of Pediatrics. School of Mcih- 
cine, University of Pennsylvania). 

The work described In this paper was done under a contract with the Biological Depart- 
ment. Chemical Corps, srv Division, Camp Dctrlck, Frederick, Md. 

Received for publication. Avig. I, 1949. 

•Shell vials 95 by 7.5 mm. or glass tubing of 7.5 mm. bore and of con\enient length (90 to 
100 mm.) sealed at one end can be used. Tlie open end Is drawn out to caplllarj* tip and scaled. 
A small hole Is blown through the wmll of the tube by heating It 25 mm. below the beginning of 
the caplllarj' portion. 
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be tiscd equally well. The organism, after a prcltnuiuiry incubation at 37° C., was kept a.s a 
stock culture on plain nutrient agar (Difeo) in a refrigerator. It was subculturea once a 
week onto fresh agar. When required for the test, the organism was transferred to nutrient 
broth (Difeo) and incubated at 37° C. for eighteen hours. A portion was then diluted 
1:1,000 in the assay medium to be de-scribed below. 



Fisr. 1. 


Stedinm . — The assay medium was phenol rod dextrose brotli made up as follows: 


Kutrient broth (Difeo) S 6m. 

Dextroso a Gm. 

Aqueous phenol red 25 ml. 

Distilled wafer 1,000 ml. 


This was adjusted to pH S with N sodium hydroxide using the phenol red (0.01 
per cent concentration) as indicator, the final color being red. After autoclaving for fifteen 
minutes at 15 lb., the medium was ready to use wilbont further adjustment of the pH. 

Procedure . — The test was arranged so that one-half step dilutions were used, and a 
triplicate penicillin control test was includc<l with each scries of imknomis. 

Control . — This was included routinely to detect the .sensitivily of the test organism. A 
penicillin solution was made up in the assay broth in such a way that the penicillin concen- 
tration was 0.5 unit per milliliter. The onc-hnlf step dilutions were made ns follows. Three 
sots, each containing thirteen plugged, sterile Was.sormann tubes (100 by 13 mm.), were 
arranged in suitable racks. In each set of tubes, the following stops wore carried out. The 
test medium (phenol rod dextrose broth) was added iu 0.1 ml. amounts to tubes 1, 3, and 4 
to 12 inclusive. Tube 2 was left empty, and 0.2 ml. of the test medium was added to tube 
13. The penicillin solution was then added in 0.1 ml. amounts to tube 1 which made a 1:2 
dilution and to tube 13 which made a 1:3 dilution. Tube 1 (1:2 dilution) was then used 
after thorough mixing, for preparing one series of twofold (one step) dilutions by trans- 
ferring 0.1 ml., serially to the odd irurabered tubes 3 to 11, 0.1 ml. from tube 11 being dis- 
carded. Prom tube 13, which contained 1:3 dilution of penicillin, 0.1 ml. was added to the 
empty tube 2 (1:3 dilution) and to tube 4 wliich already contained 0.1 ml. assay broth 
(1:0 dilution). Tube 13 was then discarded. Tube 4, after thorougli mixing, was used to 
initiate the second series of twofold (one step) dilutions by transferring 0.1 nil. serially to the 
oven numbered tubes 0 to 12, 0.1 ml. from tube 12 being discorded. Tubes 1 to 12 in each 
set then contain 0.1 ml. of assay medium, with concentrations of penicillin decreasing from 
1:2 to 1:96 by ono-balf steps. 

Test Fluids . — A maximum of 0.2 ml. was required for each test fluid. Except that only 
one set of tubes rras run, this was handled in a .similar manner to that just described, the 
fluid t:iking the place of the known pciiieillin solution. 

Test Organism.— O.l ml. of the 1 :1,000 dilution of the eighteen-hour culture of the test 
organism described was then added to everj- tube and the complete series incubated over- 
night at 37° C. 

End Point.— Since, with this indicator, a change from red to yellow indicates a lower- 
ing of pH resulting from bacterial growth, the end point was taken as the last tube in each 
set in which the original red color of the medium was unaltered. This end point was usually 
quite sharp. Since the controls wore set up in triplicate, it sometimes occurred that the end 
point varied somewhat in one of the three sets, although this variation was seldom more 
than one-half step oil in either direction. The end point taken was that reached in two of 
the three control sets. If there was no snch agreement, the test was considered invalid. 
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Calculation. — First, the sensitivity of the organism was calculated from the controls. 
Since the concentration of penicillin in the first tube of each control series was 0.5 unit per 
milliliter, the concentration in any subsequent tube could be calculated by dividing 0.5 unit 
per milliliter by the reciprocal of the dilution of that tube. For example, if the end point 
in two of the three control series was found to be tube 7 or a 1:10 dilution, then the organism 
, 0.5 

was sensitive to a concentration of — — or 0.03 unit per milliliter. 

The concentration of penicillin in any unknonm body fluid was easily calculated by 
multiplying the sensitivity of the organism, as determined in the preceding paragraph, by the 
reciprocal of the dilution of body fluid eonlnined in the end point tube. For example, if in 
the test the sensitivity of the organism was 0.03 unit per milliliter and the end point of 
the body fluid being tested was found to be tube 5 or 1:S dilution, then the concentration 
of penicillin in the original body fluid was 0.03 x 8 or 0.24 unit per milliter. 

In the laboratory it was found convenient to record the dilution and tbe end points 
of the controls and the test fluids on squared paper. This avoided any mistake in the 
dilutions (Table I). 


Taule X. Sample Chaut fok Micro-Phnicillim Assay 


TUBE 

1 2 

3 4 5 0 

7 

8 


lU 11 12 


DILUTION 2 3 

4 0 8 12 

10 

24 

32 

48 (54 9(3 

PENICILLIN 

PENICILLIN 






(UNITS/SIL.) 

(UNITS/ML.) 0.23 0.17 

0.125 0.085 0.0C5 0.04 

0.03 

0.02 0.015 

0.01 0.0075 0,005 

DETECTED 

Control 1 


X 






2 


X 




0.03 


3 

X 




J 


Pt. 1 

^ hr. 




X 


0.90 


li hr. 

X 





0.30 


3 hr. 

X 





0.12 

Pt. 2 

i hr. 






1.44 


hr. 


X 




0.4S 


3 hr. 

X 





O.IS 

Pt. 3 

i hr. 


X 




0.48 


hr. 


X 




0.48 


3 hr. 

X 





0.24 


Accuracy of the Method . — This method was first tested on five different 
occasions by attempting on eaeli occasion to determine the amount of penicillin 
in each of five twofold serial dilutions of a known concentration of i)enicilUn in 
distilled water. Table II shows the results obtained by the method just de- 
scribed. It can be seen that the recoveries at each dilution were remarkably 
close to the amount of penicillin actually present. Tlic average of the tests 
was + 8 per cent, although individual readings sometimes deviated as much as 
44 per cent. Comparison witli the results obtained by the Ilammelkamp metliod 


Tarlf. II. Determination' of Accuracy or blicaoiiF.TiioD of penicillin assay 


KNOWN PENICILLIN 
CONCENTRATION ' 


UKITS/ilL. OF PENICILLIN 

IN SERUM 


1 0.1 

0.5 

1.0 

2.0 

4.0 

Test 1 

0.12 

0.48 

1.08 

1.92 

3.84 

Test 2 

0.12 

0.72 

l.OS 

1.92 

3.84 

Test 3 

0,12 

0.48 

1.08 

1.92 

.3.84 

Test 4 

0.12 

0.72 

0.72 

1.92 

3.84 

Test 5 

0.09 

0.4S 

l.OS 

1.92 

3.84 

Average 

0.11 


l.(J 

1.92 

.“,.84 
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(Table III) indicates that the micromethod was more accurate. Howevei’, there 
appeared to be a definite relationship between the two, the micrometliod giving 
a eonsistentl.y higher reading by a factor of 1.6. Fig. 2 shows a graphic com- 
parison of the Iniown concentrations of penicillin and the recoveries by the two 
methods used. 


Table III. Determination' of Accuracv of the SIowited l^A.^[.^I^;LKA^tp Method of 

PENlCn.LlX Assav 


K>:OWN PENICILLIN 
COKCENTHATION 


UNITS/ML. 

OF PENICILLIN I 

V SEEL'.M 


U.l 

0.5 

1.0 

2.0 

4.0 

Test 1 


0.3 

0.S32 

■\ oo 

2.43 

Test 2 




1.22 

2.43 

Test 3 



0.G24 

1.22 

2.43 

Test 4 

0.052 

0.3 

0.024 

1.22 

2.43 

Test 5 

0.052 


0.024 

0.01 

2.43 

Average 


0.3 

0.71 

1.15 

2.4.3 


COMPARISON OF MODIFIED FIELDING AND AAMMELKAMP 
METHODS OF PENICILLIN BIO-ASSAY 


O Fielding 

• RammelLamp 



Fig. 2. 

Following the demonstration that known amounts could be assayed with 
a good degree of accuracy, this test has been used successfully for hundreds of 
routine assays of penicillin levels in body fluids. 

SUMMAUV 

A micromethod for the estimation of penicillin levels in blood or other 
bod}' fluids, requiring only 0.2 ml. for the test, is described. Sufficient blood 
can he collected conveniently from a single puncture wound of the finger. A 
convenient collecting tube for obtaining serum is described and illustrated. 
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The principle employed in the test is the detection of growth of the test 
organism in a glucose-containing medium hy the demonstration of acid forma- 
tion by the color change of a suitable indicator. The end point is taken as the 
last tube to show no evidence of color change. By including controls in each 
test, the quantity of penicillin in an unknown penicillin huid can be calculated. 
The accuracy of the method is greater in our liands than tlie commonly' em- 
ployed Rammelkamp method, and it has proved a convenient assay method for 
routine use in children. 
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THE PEODUCTION OP ANTIEiUBBIT HEMOLYSIN 


Ardzroony a. Packchanian, Ph.D. 

Galveston, Texas 

T he hemolytic system most commonly used in complement fixation tests 
consists of sheep ei'ythroeytes and antisheep hemolysin. A supply of 
fresh sheep erythrocyl es for the performance of the test neeessilales constant 
maintenance of a few sheep on the pi-emises, •which is often inconvenient. At- 
tempts have been made by Vedder’ and by me- to overcome this difficultj' by a 
different hemolytic system. The object of the ])rcsenl communication is to 
describe another modification, in which the role of rabbit and sheep is reversed. 
Eabl)it ei’ythroeytes are employed with an antirabbit hemolysin of the .sheep. 

METHODS AND MATERIALS 

Five sheep were selected for this stud}', two ndiilt males, two adult females, and 
ono female lamb. 

To each 50 ml. of freshly drawn rabbit blood about 2 ml. of 0.4 per cent sodium 
citrate were added to prevent clotting. The erythrocytc.s were washed three times in 
sterile 0.9 per cent NaCl solution and the packed red blood ccrpusclos were resuspended 
in equal volume of saline for inoculum. 

Homolyzed rabbit red blood corpuscles and the stroma of rabbit erythrocytes as pre- 
pared by Vedder were tried out as an alternate inoculum. 

The inoculations were either intravenous or subcutaneous or both, and the dose 
for each inoculum varied from 5 ml. to 200 milliliters. Control blood samples were taken 
from the sheep before initial inoculations. Samples were taken also at the end of each 
cojirso of immunization and after inactivation at 50° C. for thirty minutes they wore tested 
for hemolysin. 

Antirabbit hemolysin titrations were made with 2 per cent washed rabbit erythro- 
cytes. In some of the tests, titrations were made with blood taken from the same rabbits 
that had been bled previously for immunization of the sheep. 

Pooled guinea pig complement in dilutions of 1:15 and 1:30 was used in the hemolysin 
titrations. The titration was checked by using the standard Kolracr hemolysin titration 
test with antisheep hemolysin and 2 per cent sheep red corpuscles. 

Wassermann-positive and Wassermann-negntive human sera were tested with the anti- 
rabbit hemolysin and 2 per cent washed rabbit er}-throcytes by the modified Kolmer method 
and with the standard IColmer-WasEcrmann complement fixation test, Kolmer,^ and the 
results were compared. 

EXPERIMENTAL DATA 

The five sheep used in this study differed in their production of antirabbit 
heniolj'sin. 

The sheep which were inoculated with large doses of rabbit erythi’ocytes 
at frequent intervals produced hemolysin promptly and in higher titer as com- 
pared with the sheep which were inoculated with smaller doses of erjdhroeytes, 

Prom the Department of Bacteriology and the Laboratory of Microbiology, School of 
Medicine, The University of Texas. 
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even when inoculations were spread over a longer period of time. AVhen sheep 
were immunized for hemolysin, it was noted that agglutinin for rabbit erj'thro- 
cytes occurred much sooner and in higher titer than did antirabbit hemolysin, 
particularly when the period of immunization was prolonged. Thus Sheep A at 
the end of seventeen days had no hemolysin while the agglutinin titer was 
1 :2,400. The same sheep at the end of ninety-three days of immunization had a 
hemolysin titer of 1 :30 and the agglutinin titer was 1 :10,240. 

In Sheep D and E, wliich were immunized in massive doses and at frequent 
intervals, agglutinin and hemolysin occurrence were almost simultaneous. 

The results of the production of antirabbit hemolysin in sheep are sum- 
marized in Table I. 

Sheep A (male), wliich was immunized with small quantities (5 to 10 ml.) 
intravenously of washed rabbit erythrocytes, produced hemolysin after sixty- 
nine days of immunization; however, during the entire course of immunization 
(ninety-three days), hemolysin titer never exceeded 1:30. 

Sheep B (male) received sixty-nine injections totaling 250 ml. of lysed 
rabbit erythrocj'tes and 2,455 ml. of washed rabbit erythrocytes in a period of 
290 days. The immunization of this sheep was begun with small amounts (10 
ml.) of homolyzed red blood corpuscles. During fifty days of immunization, this 
sheep was inoculated nineteen times Avith 190 ml. of hemolyzed crythrocj'tcs. 
At the end of this period, the hemolysin titer was only 1 ;4. Since the lysed 
corpuscles failed to produce a significant hemolysin tiler and inasmuch as Sheep 
A already had produced hemolysin following injection of intact erythro- 
cytes, at this stage the inoculation of lysed erythrocytes was discontinued. 
Subsequent inoculations with rather large doses (25 to 100 ml. per inoculum) 
of intact erythrocytes increased the hemolysin titer to 1 :80. Prolongation of 
immunization, instead of increasing, decreased the licmolysin titer to 1:20 (see 
Table I). 

Sheep C (female) received thirty injections totaling 1,400 ml. of washed 
rabbit erythrocytes and 110 ml. of stroma of rabbit erj-throcytes during a period 
of 234 days. Tlie immunization of this sheep was begun with rather large doses 
of washed rabbit crj’throcytcs and the highest hemolysin titer obtained was 
1:20. Since the sheep manifested mild anaphylactic sjTnptoms, intravenous 
inoculations were substituted with stroma. In spite of further immunization 
with stroma, which subsequently was followed -with intact erythrocytes, the 
hemolysin titer did not increase (see Table I). 

Sheep D (pregnant female) was immunized with fifty-four injections total- 
ing 4,200 ml. of washed rabbit erythrocytes in a 212-day period. The immuniza- 
tion of this sheep was done with massive doses and at frequent intervals 
Hemolysin with titer of 1 :40 was present as early as twenty-three days following 
initial inoculation. While the sheep was undergoing immunization, it gave 
birth to a lamb. Four days after the lamb was born, blood samples taken from 
the sheep showed hcmolj’sin titer of 1 :320. Subsequent inoculations with 50 and 
100 ml. of washed erythrocytes -were at times accompanied with slight to 
moderate anaphylactic reactions such as sneezing, coughing, discharge of feces 
and bloody urine, weakness, inability to move, salivation, tremors, and dyspnea. 
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In spite of contiiuiation of iiunmni^ation, the hemolysin titer never exceeded 
1 :320, but diminished to 1 :40. During the last intravenous inoculation, the 
slieep died of anaphylactic shock. 

Sheep K. This female lamb, born to immunized Sheep D, Avas tested at 
the age of 2 months for the presence of iiossible anlirabbit hemoly.sin, with 
negative results. This was followed by forty injections of rabbit red blood 
corpuscles, totaling 2,510 ml. during 180 days. The first seven inoculations were 
made intravenously in 200 ml. amounts evciy other day. The highest hemolysin 
titer obtained at various stages of immunization was 1:20 (see Table I). 

Antiralibit hemolysin with a titer of 1 :40 or above and a 2 per cent sus- 
pension of washed rabbit erythrocytes was tested with Wa.ssermann-positivc and 
Wassermaiin-negalivc human sera b}' Kolmer technique; because of the low 
hemolytic titer of antirabbit liemolysin, relatively large amounts of this hemolysin 
were used. As a control, parallel tests were made witli Kolmer- Wassermann 
method. Forty-two syphilitic and forty-two noimal sera were run by each 
method The results of this test were clear-cut, and known jmsitive samples gave 
positive readings and negative .samples gave negative readings by both pro- 
cedures, The findings by tlic experimental inetliod were identical with those 
obtained with nntisheep hemolysin and washed sheep erythrocytes, as used in 
the usual AVassermann test. 

SUMMARY 

Antirabbit hemolysin was produced in sheep by inoculating tlicm in- 
travenously and subcutaneously with washed rabbit red blood corpuscles. The 
hemolysin titer acquired by these animals ranged from 1 :10 to as higli as 1 :320. 

Ilemolyzed erythrocytes and stroma injected into sheep for tlie production 
of hemolysin did not produce as high a titer as washed crythroc>’tes. 

Antirabbit hemolysin and 2 per cent washed rabbit erythrocytes were used 
in testing syphilitic and normal sera by modified Kolmer-Wnssermanu technique. 
The results obtained in every instance were clear-ent and of diagnostic value. 
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DIFFERENTIATION AND ENUMERATION OF EOSINOPHILS IN THE 
COUNTING CHASIBER. WITH A GLYCOL STAIN; A VALUABLE 
TECHNIQUE IN APPRAISING ACTH DOSAGE 

Theron G. Randolph, jM.D.® 

Chicago, III. 

T he decrease in the circulating eosinophils following the intramuscular in- 
jection of adrenoeorticotrophie hormone (ACTH, Armour) was hrst de- 
scribed by Hills, Forsham, and Finch* and subsequently by Heilman.- The in- 
creasing importance of ACTH in the diagnosis* and treatment*- ® of various 
clinical conditions as well as in other clinical studies of the effects of this 
hormone®- * underscores the importance of a simple, reliable technique for 
enumerating cosinopliils, as the level of tliese colls in the peripheral blood may 
be a general index of the sensitivity of the gland stimulation and may be a 
general guide to adequacy of dosage in a given ease.*- " 

In this connection the merits of a Avhite blood cell diluting fluid of equal 
parts propylene glycol and water containing phloxine and methylene blue as 
stains should be rc-emphasized because it is the simplest and most accurate 
method of enumerating blood eosinophils. This point is ini])ortant because the 
number of circulating eosinophils is a general guide of adequate dosage of 
ACTH in treating various disease syndromes. Although our own observations 
in this respectf are not ready for publication, a review of the technique applied 
in enumerating eosinophils scorns indicated because of the rapidly increasing 
medical interest in adrenoeorticotrophie hormone (ACTH). 

Hypotonic dihiting fluids of the type originally described by Dunger’“ or 
as modified by Hills, Forsham, and Pinch* and Thorn and associates* arc not 
entirely satisfactory for counting eosinophils in the pci-iphcral blood. This 
.statement is based on the expei-icncc of om))]oying Camara and Alvarez’** 
modification of Hunger’s diluting fliiid consisting of 5 parts of 1 per cent 
aqueous eosin, 5 parts acetone, and 100 parts distilled water for a period of 
three years in studying cases of food ajid drug allergy. The staining fluid used 
by those studying the effects of ACTH is identical except that 2 per cent in- 
stead of 1 per cent aqueous cosin was employed. 

The inadeqixaoies of this type of diluting fluid were first pointed out in 
1944.** It was determined that the counting chamber estimation of eosinophils 
by means of hypotonic diluting fluids containing cosin as modified from 
Dunger’s original description remains subject to considerable error in that the 
ruptured or “ghost” cells are identified by clumps of eosin-staining granules 
retained in portions of the cell membrane. In 1947 it was again emphasized by 
me** that the use of such diluents was fraught with considerable error in that 
one frequently encountered indeterminate forms that could not with certainty 

Heceived for publication, Aug. 19, 1949. 

•Instructor in Internal Medicine, Northwestern University Medical School. 
tThese studies were conducted through the cooperation of T>i\ David E. ^ 

Dr. Smith Freeman who are studying the effect of ACTH on disease syndromes.^ The Aoixi 
was obtained through the courtesy of Dr. John R. Mote of the Armour Laboratories. 
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be classified as eosinophils. In addition, a greater absolute number of eosino- 
phils usually was obtained from employing this type of hypotonic diluent than 
was determined from performing parallel stained film differential counts. It 
was further pointed out, however, that the errors inherent in this method be- 
came less significant if the determinations were made with a short but constant 
time interval elapsing between the dilution of the sample and the completion 
of the counting. These observations have recently been confirmed by Henneman, 
■Wexler, and 'W’estenhaver.^* In their experience with the Dunger technique 
as modified by Thorn and associates, there was a large and rapid decrease in 
the eosinophil cell count with passage of time after dilution of the blood and 
with ageing of the oxalatcd blood. Because of this and other reasons, these 
authors were unable to recommend the use of this typo of diluent. 

The so-called “hemolytic’* and solvent properties of propylene glycol sug- 
gested its use as a white cell diluting fluid and staining base in 1943.^® Upon 
closer observation it was learned that the apparent hemolytic action of the 
glycols, as reported by Von Oettingen and Jirouch,'® was not a true hemolysis, 
but that the disappearance of human crj'throcjics suspended in equal parts 
propylene glycol and water was due to the fact that the red blood cells rapidly 
assumed the same density as the siun^ounding media and thus became relatively 
nonrcfractile. This phenomenon was studied in more detail by Randolph and 
j\Iallery^^ who were able to demonstrate that a mixture of human blood in 
equal parts propylene glycol and water appearing to be hemolyzed as \dcwcd 
grossly in a test tube or under the light microscopic field actually was not 
hemolyzed when viewed through tlie dark-field microscope. Under those cir- 
cumstances the ciythrocytes retained their normal contours. 

The technique described m 1044»2 and employed in subsequent studies consists of the 
following: 

Given amounts of stock solutions containing 0.1 per cent methylene blue in propylene 
glycol and 0.1 per cent phloxme in propylene glycol arc each diluted with an equal volume 
of distilled water and placed in dropper bottles. For example: 

Solution I* 

0.1 per cent methylene blue m propylene glycol 50.0 c.c. 

Distilled uater 50.0 c.c. 

Solution II* 

0.1 per cent phloxinc in propylene glycol 50.0 c.c. 

Distilled water 50.0 c.c. 

The final white blood cell diluting fluid is made by mixing an equal number of drops 
of Solution I and Solution II in a test tube; this remains usable for approximately four 
hours. After standing for longer periods, differential staining detail may become impaired 
and precipitation of dyes may occur. Curiously, prior to four hours the two dyes do not 
seem to mix completely as shown by the ability' of the phloxinc to disperse in a filter paper 
at a greater rate of speed than does the methylene blue, a drop on such a medium separating 

as to color and leaving a blue center and a red periphery in a manner akin to the principle 

employed in paper chromatography. 

•As has been pointed out,” the eftect of piopjlene glycol on erythrocytes as far .is ihc 
timing • •' . • ■ ' ‘d Is dependent upon concentration of the gly- 
col and ■ ■ • of water from the stock or working .soUition.s 

due to . ■ ' tration of propylene glycol to the point that in 

sumniei ' before one has an opportunity to enumerate 

the leu ■ ■. • I solutions containing •lO or ^5 per cent propy- 
lene gl; * cent. 
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Because of tlic variation in staining ability between lots of dyes, optimum acid and 
basic staining may sometimes be obtained by making a sliglit cliange in tiie relative 
proportions of Solution I and II in the final diluent. For example, four parts of Solution I 
and six parts of Solution II might rc.sult in better staining tcchnirpio than if equal parts 
of the two were mixed. 

Under certain circunistanccs the pliloxine tends to crystallize out in long narrow 
crystals from Solution IT : this may occur after the solution has stood several weeks and 
may bo remedied readily by simjdo filtration or by preparing Solution II from the .stock 
at monthly intervals. 

Experience indicates that it is helpful to clean the pipettes with agents other than 
acids or to bo certain that acid radicles are completely removed from the interiors of the 
pipettes as a result of repeated rinsing. Cleaning tlie pipettes with wafer and drv-ing by a 
final rinse with acetone and avoiding the use of a series of bottles also employed in cleaning 
pipettes containing acid diluents aids in avoiding eomjdications in tlie use of this technique. 

Total and differential wliitc blood cell counts are made using the standard 
pipette and counting cliambor. Tlie ])ii»ettc is sliakcu during tlie course o£ and 
immediately after filling. If the chamber is charged immediately after diluting 
the blood and shaking, a period of from ibrec to five minutes is required for 
tile “disappearance” of tlic red blood cells and settling of the leucocytes prior 
to determining the total white cell count. A total period of from ten to fifteen 
minutes is recommended for maximum staining of eosinophils and other leu- 
cocytes. Blood may be left in tlic pipette for varying periods, including over- 
night, without a significant change in the staining qualities of the cells or in 
the total leucocyte count, an obvious advantage over tlic use of Iiypotonic 
diluents employed in enumerating eosinophils. 

Under the low magnification (16 mm. ob.icctive) eosinophils may be 
differentiated from other cells by their 'brilliant red color and slightly larger 
size. The contrast in color is intensified by increasing the light and raising the 
condenser of the microscope. Tlie cosinopliils in one side of the counting 
chamber (0.9 c.mm.) or in tlic entire ruled areas of both sides of the chamber 
(1.8 c.mm.) are counted and mtiltiplied, respectively, liy 22 and 11 to obtain 
the number per cubic millimeter of blood. 

The differentiation and enumeration of polymorphonuclear and mononu- 
clear cells are accomplished to best advantage by tlie use of high magnification 
(4 mm. objective and 15x eyepiece). The first 100 cells encountered arc so 
classified. 

In this diluting fluid all Avhitc blood cells remain intact, round in contour, 
and relatively large in size. The granules of the eosinophils stain brilliant red, 
the nuclei of all cells aquamarine ; this permits the diffei'entiation of eosinophils 
from other white blood cells even in the presence of highly fragile leucocytes 
as observed in leucemia and other blood disorders.’® 

The increased viscosity of this medium is advantageous in that the end 
point in filling the pipette may be reached accurately, there is little settling 
and clumping of white cells, and there is no tendency toward overflow in charg- 
ing the chamber. The clear background of the counting chamber and the rela- 
tively slow rate of evaporation from it arc also advantageous. 
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The (lifTcrentiation of eosinophils in the .SJimc sample of blood employed in 
detennining the total leneocyte count results in a minimum possilde error in 
comparison witli alternative methods. 

Finally, the j»lycol-stain technique also permits the counting chamber 
enumeration of polymorphonuclear and mononuclear leucocytes even in the 
presence of many young mj'cloid elements as obsen'ed in the course of acute 
allergic reactions following the ingestion of allergenic dnigs.'^ 

The accuracy of the counting chamher enumeration of cosinophilis on 
one side of tlie chamber (0.0 c.mni.) using the propylene glycol technique as 
compared with the standard method of emiinerating eosinophils, that is, by 
detenuining their number as a result of performing 200 cell film dilTcrcntial 
counts and applying the percentage obtained to the total leucocyte count, was 
studied by Randolph and Stanton,-" emplo.ving parallel observations from the 
same freely bleeding puncture wound. Such determinations wei'c made in 
100 normal iiersons and in 400 instances in allergic individuals who had valu- 
ing degrees of eosinophilia. Finally, ten of the latter subjects were subjected 
to ten parallel eosinophil counts each by the two techniques. 

Table I lists the maximum, minimum, moan, and standard deviation 
determined as a result of the statistical analysis of those ten observations per 
subject by each of the two techniques. 

Table I. Eosinophil Counts as DETEniiiNED in Enumep.atino the Eosinophils in 
O xr Side of the Counting Chamber (0.9 c.um.) Compared Wmr tue Differential 
Enumeration of Eo.sinopuils From Perfop.minc 200 Cell Difffrf.ntial Counts 
From the Stained Film 


i 

.SUBJECT 1 

1 EOHINOIMIILS IN 0.9 C.MM. OP CHAMBER 

1 WITH THE rnOPTLENE CLTCOL 

1 TECHNIQUE 

EOSINOPHILS FROil 200 CELL FILM 
diffep.entul counts 

aiAS. 

1 MIN. 

t MEAN 

1 .s. a. 1 

1 .MAX. 

1 .MIN. 

1 mean 

j 8. D. 

Ch. 

110 

44 

08 

27.6 

113 

0 

01 

4G.0 

H. 

710 

422 

502 

83.4 

722 

420 

553 

100.0 

G. 

799 

555 

673 

92.0 

1,241 

45.3 

707 

ooo o 

F. 

799 

GOO 

720 

53.6 

1,278 

402 

670 

229.4 

ii. 

977 

88S 

933 

39.8 

1,101 

591 

785 

153.0 

Q- 

1,0SS 

755 

951 

117.3 

1,155 

532 

849 

204.0 

Co. 

1,379 

755 

1,097 

203.0 

1,411 

9S1 

1,204 

135.5 

A. 

2,005 

1,121 

1,461 

303.2 

1,937 

1,061 

1,448 

249.2 

E. 

1,709 

1,333 

1,474 

158.2 

1,725 

1,003 

1,397 

234.5 

B. 

l.SOo 

1,221 

1,543 

197.3 

2,21S 

1.484 

1.850 

210.0 


From these studies it was determined that the enumeration of eosinophils 
on one side of tlic counting chamber (0.9 c.mm.) was a more accurate method 
of detenuining tiic number of these cells than tbc result of a differential count 
of 200 leucocytes from the stained film, employing the cover slip teehniqiic 
niul a standard method of sampling tlie stained area. 

Hcnneman, 'NVexlcr, and Wc.slenhavcr’* recently compared the effective- 
ness of phloxinc in cfiual parts propylene glycol in water (Solution II of this 
combined stain) witli Thorn s modification of Dungor s hypotonic diluting fluid 
in enumerating eosinophils In tlieir experience with tlieso two chamber tech- 
niques, the diluent composed of phloxinc in propylene glycol not only pro- 
vided move consistent results and no evidence of doslruetiou of eosinophils but 
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also was preferred bj'^ them because of the ease in identification of cells, de- 
creased evaporation of the diluent from the counting chamber, greater repro- 
ducibility of results, and because no refrigeration of the diluent was required. 
They confirmed our experience in using the cosin-aeetone hypotonic diluent, 
conunenting specifically on the rupturing of eosinophils in this medium and 
the large and rapid decrease in cell eount with passage of time after dilution 
of the blood and with ageing of the oxalatcd blood. 

Because of the more accurate enumeration of eosinophils permitted with 
the use of the glycol counting chamber stains, either the phloxine part of the 
diluent alone or the combined stain diluting fluid is preferred over alternative 
methods in following the levels of blood eosinophils in patients under treat- 
ment with adi'enoeorticotrophic hormone (ACTH). 

SUSIMARV 

A white blood cell diluting fluid of phloxine and methylene blue dissolved 
in equal parts propylene glycol and water permits the counting chamber 
diffei’entiation of eosinophils on the same blood specimen used in determining 
the total leucocyte count. In this medium the eosinophils stain bright red and 
are readily differentiated in the counting chamber from other polymorphonu- 
clear and mononueleated leucocytes. This technique is the most accurate 
method of determining the number of eosinophils in the peripheral blood in 
that it permits the enumeration of intact stained cells in contrast to the pre- 
viously described counting chamber techniques cmplojing hypotonic diluents 
in which ruptured or “ghost” eosinophils are counted. It is a particularly 
valuable method to use in following the clinical course of patients under 
therapy with adrenoeorticotrophic hormone (ACTH), those suffering from 
acute allergic reactions or infections in which one is primarily interested in 
the variations in serial determinations of the peripheral blood eosinophils. 

This direct counting chamber technique makes it possible for the fii’st 
time to expi’ess accurately the number of eosinophils existing in the peripheral 
blood; the expression of the luunbcr of eosinophils per cubic millimeter of 
blood is obviously more accurate and meaningful than to consider eosinophils 
in terms of the relative percentage of the total leucocyte count. 
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WARBURG MANOMETER LAUllB^ATOR'' 

Arnou) Lazakow, JLD., Ph.D. 

Oi.EVELAXi), Ohio 

IXTKODUCTIOX 

I N CALCULATING the constant for a Warburg manometer it is necessary to 
know the volume of the Warburg vessel plus the volume of the manometer 
to the 150 mm. mark. To determine the latter volume the manometer is 
usually filled with mercury to the 35 cm. mark and the volume is determined 
from the weight and density of mercury. This method of calibration is very 
time comsuming since it is somewhat difficult to introduce the requisite amount 
of mercury to ,iust fdl the manometer to the 35 em. mark. The manometei' 
calibrator herein described greatly simplifies and shortens the calibration 
procedure. The principle employed is similar to that used in tlie eonsti’uction 
of the Seholander mieroburette.t 

COXSTRUCTIOX OE CAMUHATOR 

The apparatus consists of a metric micrometer (Fig. 1, .^1) which is cali- 
brated in hundredths of a millimeter. A .stainless steel plunger (R) with a 
cross sectional area equal to 1 sq. cm. (1.000) is jiressed onto the micrometer 
spindle (C). A stainle.ss steel collar (71) is pressed over the end of the micro- 
meter. The upper end of this collar is threaded to accommodate the Lucite top 
(E). This plastic to]) is turned to a standard taper joint at II so that it fits 
the conventional Wai'burg manometer. A doughnut .shaped “0” ring (F) fits 
over the plunger (7i) and is compre.s.sed between the plastic (E) and the collar 
(E). This “0” ring seals the plunger within the plastic, yet it permits 
advancement of the plunger into the space (G). 

METHOD OF CAUBRATTOX 

In use, the plastic cylinder is filled with water and the spindle is nearly 
withdramr from the chamber (G). The cleaned manometer is inserted in the 
standard taper (77) of the plastic and fixed in place ndth rubber bands (Pig- 2). 
It is desirable to have just sufficient ivater in the calibrator chamber (G) so that 
only a small air bubble remains within the plastic cylinder when the manometer 
is in place. The manometer is held in the vertical position and the stopcock (M) 
of the manometer is opened and the other ends of the monometer are sealed by 
rubber tubes {N) and pinch clamps (0). The micrometer plunger is advanced 
and all the air is earefull.v e.xpelled from the calibration chamber (G). The 
water meniscus is adjusted to coincide with the calibration mark of the mano- 
meter (J) (Pig. 2) (i.e. the mark used in calibrating the vessels) and the 
micrometer scale is read. The manometer is now turned to a horizontal position 

From t}ie Department of Anatomy. "Western Reserve University. 
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and the plunger is advanced until the water meniscus reaches point K (Fig. 2). 
Further advancement of tlio waiter meniscus fills the capillary between point K 
and the stopcock (il/). AYhen water reaches the bore of the stopcock (jli), the 
stopcock is closed and the pinch clamp (0) is opened. The liquid is advanced 
to the 15 cm. mark (L) of the manomctei*. The micrometer is again read and 
the volume determined by subtracting the initial from the final reading. The 
liquid is then removed from the manometer by reversing the foregoing procedure 
and the calibration may be repeated. 

Results of several calibrations arc shoum in Table I. It will be noted that 
the volume of the manometer as detennmed in the first trial is slightly greater 
than that observed in subsequent trials. This difference is due to the residual 
water which is left in the manometer after the first calibration. It is further 


Table I. WATvBeRo Manometer Calibration 


REMARKS j 

TRIAL 1 


VOLUME (C.C.) 


23 

1 28 1 

34 

Manometer dry 

1 

740 

.803 

839 

Manometer wet 

2 

.720 

.787 

.820 

Manometer ivct 

3 

.723 

.789 


"Water left in manometers 


.025 

.014 

.019 


noted that repeated runs on a wet manometer differ by less than .005 cubic 
centimeter. The accuracy of the volume' measurement obtainable with this 
calibrator far exceeds tlic accuracy required for the calculation of the manometer 
constant. The accuracy of the calibrator itself may be clieckcd by inserting a 
2 c.c. pipette through a onc-holed nibbcr stopper and inserting the stopper into 
the standard taper (//) of the calibrator. Since the plunger has a cross-sectional 
area of exactly 1 sq. cm., each millimeter advancement of the micrometer plunger 
corresponds to 0.100 cubic centimeter. Since it takes two revolutions of the 
micrometer to advance the spindle 1 nim. and .since there are fifty small divisions 
per revolution of the micrometer, each small division of the scale of the 
micrometer corresponds to a volume of 0.001 cubic centimeter. 

SUJniARY 

A simple, rapid calibrator for tlie AVarburg manometer is described. 




A NEWLY DEVELOPJDD ELECTKOJIAGNETIC FLOW 5IETER 


A. W. Richardson, Ph.D., J. E. Randaix, B.S., and H. JI. Hines, Ph.D. 

Iowa City, Iowa 

T he general principle of an electromagnetic flow meter is not new. It was first 
developed b.y IColin* in this country and independently by Wetterer^ in Ger- 
manjy Kolin-*' ■* developed both an A.C. model and a D.C. model ; the latter was 
subsequently modified I)}' Joeliim.'’ Those methods featured sleeves of various 
design which contained electrodes in positions so that when the sleeve surrounded 
a lilood vessel, the electrodes were in contact witli the outside surface of the blood 
vessel. While such devices possessed the advantage of not requiring incision into 
the blood vessel, they incurred the disadvantages of voltage drift and minor 
artifacts due to vessel drying, varyitig ve.sscl diameter, and extraneous potential 
jiickup. In order to avoid these disadvantages, a new method of potential pickup 
was developed in this lalioratory whieli has proved exceedingly practical for the 
measurement of blood flow when u.sed with an A.C. amplifier and suitable re- 
corder. This newly developed electromagnetic blood flow meter has been found 
to bo unusually accurate in its measurement of blood flow and to possess neg- 
ligible voltage drift. 

PRINCIPLE 

The basic principle upon ^vllicIl the operation of an electromagnetic flow meter de- 
pends is that when an electric conductor moves across the lines of force of a magnetic field, 
a potential difference is created in the conductor. If the field is uniform, the conductor 
moves in a plane at riglit angles to the ningnotic field and the length of the conductor 
extends at right angles to both the field and the direction of motion; the resulting electro- 
motive force will be directly proportional to field strength, speed of the conductor, and 
length of the conductor within the field. Therefore; 

E = BlvlO-" 

where E is the potential difference in volts; B, field slreiigth in gauss; 1, length of the con- 
ductor within the field in centimeters (across the electrodes); and v, speed of the con- 
ductor in centimeters per second. By use of the A.C. system, including an A.C. magnet, 
there is an additional constant to be accounted for bccaiiso of the electrodes and their 
leads acting as a one-turn transformer. Therefore, the total equation of an A.C. system 
must bo altered to read as follows: 


E = B-l-v-lO-' - 1 ^ A 

where “A” voltage is the potential developed by the electrodes and leads, this voltage 
being proportional to B field strength. In order to cancel out a portion of "A” voltage, 
on the magnet a turn is made which is phased oppositely to that of the leads. The cancel- 
ing potentiometer is turned in a manner to diminish “A” voltage to a minimum. Once 

From the Department of Physiology, College of Medicine, The State University of Iowa. 
Received for publication. Aug. 10. 1919. 
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tills point is established, the voltage is of a constant and casih* accountable magnitude. 
If B and 1 are kept constant, K may bo stated: 

K = Bl 10-> 
and 

E = Iv.v + A 

As shown, by the equations, when the voltage "A” is subtracted, the electromotive 
force is a function of the single variable, the velocity of flow, which theoretically is linear. 
However, for piactical considerations one is interested in volume flow in cubic centimeters 
per minute, rather than velocity flow m centimeters per second. Thc«e quantities are 
related as follows: 

Q = 00 V 

where Q is the volume flow in cubic centimeters per minute; v, the velocity flow in centi- 
meters per second; and d, the diameter of the tube or vessel. While this formula shows the 
relations of quantities, it is not requiied for the use of the newly developed meter because, 
due to the manner of its construction, ealibrafions may be made of actual flow during an 
increment of time to read directly as cubic centimeters per minute blood flow. 





l’’ig 1. — Cannula u«ed with electromagnetic blood flow meter. 


MATERIALS AND METHODS 

Description of Apparatus. — The complete flow meter cousi'its of a specially constructed 
cannula, an A.C. magnet, an A.C. ampUfler, and an Estcrline-Angus o Ma. recorder. 

The construction of the cannula consisth of u glass or plastic tube of previously 
determined diametei to ciiual the size of the lumen of the blood vessel to be cannulatod. 
Tlio caiimila and pickup shown in Fig. J has a diametei of li millimeter.^. This particular 
cannula which is do.sigiied to fit the femonil artery of a «lng is 4 cm in height and 2.5 cm. 
ill width; the bottom forms an anchorage to ''Ocure ligatures. Fig. 2 better reveals the 
detailed coiistructioa. In the top of the cannula arc inserted two tungsten (platinum may 
bo used) wire rods with rounded tips so that the tips just touch the periphery of the 
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lumen. Onto these tips just outside of the glass are soldered the two pickup leads which 
are then tightly twisted and passed through the center of the housing and into a shielded 
cable which runs to the amplifier connection. On the top of the housing arc two pins 
■which fit into the magnet case in order to assure identical positioning of the cannula dur- 
ing each measurement. 

The housing is filled -(vith Lucito for the purpose of stabilizing the position of the 
lead -wires in the magnetic field. This is done by dissolving a portion of Lucite in CHClj, 
pouring the solution in the housing around the cannula and leads, and letting it congeal 
to form solid Lucite. This operation also makes the housing repellant to liquids. The 



Pigr. 2, — Diasram of cannula and pickup leads showing the position of the magnet. 

slender base of the cannula is wrapped tightly with a single layer of No. 8 linen thread 
and coated with the liquid plastic to add strength to the cannula. Care is taken in the 
construction of the cannula that there are no constrictions in the lumen and that there are 
no sharp bends. The short section across the top -which holds the electrodes is straight. 

The cannula and pickup incorporates the following features: (a) an electrical system 
well isolated from the surrounding tissues; (b) a lumen of uniform size to match the size 
of the lumen of the blood vessel measured, -with no constrictions in its length; (c) a mini- 
mum of glass or plastic surface (less than four inches in length) -with which the blood is 
in contact; (d) a reinforced slender base around which to secure ligatures surrounding the 
ends of the arteries; and (e) a specially designed bronze housing surrounding the electrodes 
through which the tightly fwisted pickup leads are inserted to traverse the center of the 
magnetic field and be shielded from contact with the magnetic poles. It is the design of 
this housing which allows a minimal and invariable background pickup and thus prevents 
voltage drift on the recorder. 

The A.C. magnet used with the meter is made from stacked laminations of (4 inch 
29 gauge L-4 audio A iron. The coil is made of 1,800 turns of No. 25 wire excited with a 
110 V. A.C. 60 c.p.s. source. This gives a field of about 1,000 gauss across a % cubic inch 
air gap between pole tips. A 60 c.p.s. power source limits tiic frequenc 3 ^ response of the 
whole sj’stem to fluctuations of less than 60 c.p.s., but it is possible to modifj- this limita- 
tion by changing tlie carrier frequenej"^ to 400 c.p.s. if desired. Should the meter he used 
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rig. 3.— Recorder and ampllfler showing the connections ns labeled on the nanel. 
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proportional 
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BLOOD FLOW METER 


rONCTlOHAL OIACRAM 


pjg. 4 . — Simplified diagram showing the electromagnetic pickup, amplifier, and recorder. 

with a high frequency response recorder, this modification is recommended, Tor con- 
venience m affixing the position of the magnet, a screw-typo lift with a crank attached is 
used to slowly lower the magnet into position over tlie cannula. The magnet is held by a 
ball-in-socket swivel which will allow it to be adjusted at a convenient angle. 

The A.C. amplifier and recorder used are shown in Fig. 3. The amplifier is adapted 
from the original A.C. amplifier of Kolin, with minor modifications. Three stages of 6SJ7 
tubes are used for the principal circuit with two VR 150 tubes being used on the R+ circuit. 
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This amplifier has proveil remarkably stable and features two input channels for pickup, 
each connected to a potentiometer to be utilized in canceling out stray background. A 
selenium rectifier is used in the output circuit. Any stable amplifier with sufficiently high 
gain would bo adaptable for the electromagnetic flow meter, so long as it matches the 
characteristics of the pickup and the magnet used. This particular amplifier is most adapt- 
.able to a GO c.p.s. magnet. The amplifier used here has two gain settings, the two ampli- 
fications giving a total range of blood flow mea.suremcnt from zero to 300 c.c. per minute 
with different cunnulae. The range of incasureinont maj' be increased by constructing the 


CALIBRATIONS FOR FLOW METER 
R-3 CANNULA 3 MM. DIAMETER 



Fipr. 5. — Sample calibration curve siiowlng the use of two ampHtlcations with one cannula. 

electrodes of the cannula so that the distance between the tips is diminished. Conversely, 
greater sensitivity is achieved by constructing the electrodes of the cannula so that the 
distance between the tips is greater. In all cases the lumen of the cannula should be as 
nearly as possible identical with the size of the blood vessels. 

A 5 3Ia. Esteiline-Angu.s recorder is used on the electromagnetic flow meter as a 
compromise choice of various possibilities. This instrument requires 5 Ain. through an 
internal resistance of 70 ohms for full scale deflection. This is a heavily damped instru- 
ment and will not record events accurately under 200 milliseconds but this feature is of 
value in the recording of mean blood flow where a couconiitant record only of heart rate 
and respiration is desired. When events of shorter duration are of interest, a recorder of 
higher frequency response should be employed. Fig. 4 reveals a functional diagram of the 
entire apparatus as it is operated showing the position of the magnet, the general structure 
of the amplifier, and the. recorder connections. 

Cdllbraiion of Uic Instrumeni , — Although a force-pump perfusion system has been used 
to calibrate the flow meter, it is felt that the preferred method is to measure the flow of blood 
out of a blood vessel directly into a graduate over a convenient period of time. Thi.s method 
i.s to bo desired for its simplicity and tlic eliminatitm of extraneous intervening variables. In 
operation, the distal end of the cannula is attached to a plastic tubing of the same size which 
runs to a graduate. A previously aiiplied clamp on the proximal artery is released for one 
minute so that a one-minute flow of blood is spilled into the graduate. A point is made on 
the midlinc of the excursions on the record which corresponds to the milliliters of blood 
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nioahured. This is oiip jioint on the CHlibration ciir\e. By constricting the end of the 
plastic tubing, lower rates of flow mny be measured until a number of desired points on the 
flow Curve may be calibrated. A curve of best fit may be drawn transecting the point.s 
and may bo extrapolated to the base line. This point on the base line, or “true base” 
will not fall on zero, but upon an electromotive force reading which represents the “A" 
voltage previously described. These readings may be made identical, by means of the 
potentiometer adjustment. Fig. 5 shows typical calibration curves by use of t^eo amplifica- 
tions. In this calibration graph, the “A" voltage 1ms been subtracted and it may be seen 
that the curves are, for all practical purposes, linear. 



Fig. 0.— Sample record made with the nexv eiccti omagnetlc flow meter The record reads from 

right to left. 


Once it is calibrated, a cannula docs not requnu recuhbration unless it develops a frac- 
ture or similar defect. However, because of such possibilities, frequent rccalibration may be 
advisable. The typical observation with a traoturod cannula is an enormous base voltage 
ivhicli ordinarily can be detected readily. 

RESULTS 

Fig. 6 shows a typical blood flow record which reads from light to left. 
This sample record shows the results of 12 cm. microwave irradiations using 100 
watts output upon the limb of a dog. The wave director was placed close to the 
surface of the liml). In the figure, the heavily inscribed base line represents tlic 
background pickup, or “A” voltage, so that voltage induced by blood flow reads 
from this point to tlic midline of the excursions to represent mean flow. This 
point at tlie niidlinc was arliitrarily selected wlien caliln-ating the cannula. ^Vhcll 
this distance as read on the ordinate is multiplied by the k-value of the cannula, 
in this case (2.0 x 10-), a figure is derived which represents blood flow in cubic 
centimeters per minute. For example, the control flow may be calculated as 
follow’S : 

n.24 X 2.0 y 10’ = 4R c.c./nnti. 

The calibration should be experimentally established as suggested, and tlic “A" 
voltage reading may be convcnicntlj* adjusted. Since the “A” voltage vill be 
90° out of jihasc with the flow voltage, they cannot be added algcln-aically. 
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Fig. 6 is a reproduction of blood flow in the femoral artery. Tiic rapid 
oscillations are the result of the cardiac rhythm, while the slower oscillations are 
due to respirations. These events are reflected in the flow record with sufficient 
clarity that the record may be used to count the respirations and heart rate. It 
may be observed that while the rate of blood flow and respiration liave been in- 
creased bj' the irradiations, there is not noticeable increase in heart rate. This 
record was made at one of the intermediate speeds. A faster speed makes the 
excursions much easier to analyze, while a slower speed achieves a greater econ- 
omy of record. 

DISCUSSION 

While it is essentiallj' a pulsatile flow meter, this device as described here is 
best adapted for the measurement of mean blood flow. As previously suggested, 
it is possible to better adapt this meter for the measurement of pulsatile blood 
flow where a finer analysis of events of a short duration is desired. 

The meter as deserilied has proved exceedingly capable for tlie measurement 
of mean blood flow in both veins and arteries. It lias been found to possess less 
than 5 per cent error in measurement under physiologic conditions and has been 
operated for four- to six-hour periods wdth negligible voltage drift. A criticism 
of this type of flow meter is that general anesthesia and an anticoagulant must 
be used because the blood vessel is cannulatcd. On the other hand it is simple 
to operate, is substantially free from subjective factors, and possesses a relatively 
linear calibration curve. By use of different cannulae, the range of flow meas- 
urement is from 0 to 300 c.c. per minute. This range may be expanded with 
simple modifications. The meter may be easily cleaned following each use by 
means of a detergent and distilled water. TJiis cleaning, carefully done, is im- 
portant for proper measurements.® In bi'ief, wliilc tlio development of this meter 
entailed certain compromises it is felt that it has proved to be a practical, ac- 
curate, and easily operated device for the measurement of blood flow under many 
conditions encountered in laboratory measui'emcnt. 

SUMiSIAEY 

A new electromagnetic blood flow meter has been developed which produces 
a continuous permanent record of mean blood flow. This device is adaptable to 
measure pulsatile blood flow in the respect that it readily records the effect of 
the heart rhythm and respiration upon blood flow. Modifications are suggested 
for recording events of shorter duration. The use of this meter entails the dis- 
advantages inherent with cannulation, but such disadvantages must be weighed 
against the advantages of accurac 5 ’', stability, and ease of operation. The sta- 
bility and accuracy of this meter is in a large measure dependent upon careful 
construction of the cannula and pickup leads. 

The authors gratefully acknowledge the cooperation and assistance of Dr. J. W. Clark 
in the development of this work. 
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EVALUATION OP A NEAV CAPILLARY RESISTOMETBR : 

THE PBTECHIOJIETER 

Edwakd E. Browx, M.D. 

Ashland, Oke. 

INTRODUCTION 

C APILLARY resistance determinations were made on one hundred patients 
Avith tAvo different ty]ies o£ suction apparatus and the readings compared. 
A modified Dalldoi'f resistoineter Avas used on one forearm as preAuonsl.A' de- 
scribed,’ and a iicaa- resistoineter, the Peteehiometer,’’ Avas applied to the other 
forearm. 

MATEUIAI.S AND METHODS 

Capillary resistance is the minimal amount of suetion applied to the skin 
for one minute capable of producing one petechia or more. It is measured in 
centimeters of mercury ucgatiA-c pressure or suction. With the modified Dalldorf 
resistoineter, readings aa'ci'c made at inteiwals of 5 em., the amount of suction 
being read directly from a A-acuum gauge. Tlie Petechiometer, on the other 
hand, has no A'acuum gauge Init is adjusted to deliA-er 10, 20, and 30 cm. of 
mercury suction. The bell of the old resistometer is 1 em. in diameter while 
that of the Petechiometer is 2 centimeters. 

In all of the one hundred patients tAvo readings AA-ere noted, the old instru- 
ment being used on one forearm and the Petechiometer on the other, Fig. 1. 
Because in some studies-’ ^ readings Averc normally slightly loAA'er on the right 
arm, it AA’as decided to reA-ersc machines in the second group of fifty patients. 
The 200 capillary resistance readings may be compared in Table I. 

Estimation of Capillary Resistance With the Petechiometer. — The plunger 
is grooved at three points, each yielding a different suction. The adjustable 
stop ring is inserted in the innermost groove. One then places Avater just beloAv 
■the antecubital space before applying the bell to the Avet sldn. The air is expelled 
by pressure of the right thumb on the end of the plunger and the bell placed 
on the sldn. The bell is held in contact Avitli the sldn lightly, but firmly, Avith 
pressure from the index finger of the left hand upon the top of the bell. As the 
thumb pressure on the plunger is released quickly a sjAring action applies suetion 
to the sldn area. Suetion is applied for one minute and then released by pushing 
iiiAvard on the plunger. After removing the Petechiometer, thirty seconds are 
alloAved before looking for petechiae. If no pcteelnac are found, the test is 
repeated using each of the stop-ring settings, i.e., the innermost yielding 10 em. 
mercury suction, the middle setting 20 cm. mercury suction, and the outermost 
slot setting 30 cm. mercury suetion. The determinations arc not made closer 
together than the diameter of the suction bell. 

Received for publication, Aug. 19, 1949. 

•The Petechiometer is the registered trade mark owned by the Rexall Drug 
The Petechiometer consists of a small suction pump with a plunger and a clear plastic Riei 
bell, or suction cup, 2 cm. in internal diameter, with a magnifying glass blown into the upper 
surface of the cup to facilitate in situ reading of the petechiae developed. 
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The uuinber of pctechiae produced by the Pctecliioineter was noted. In the 
final comparison of results, tliis procedure proved valuable, for it permitted 
interpolation to intervals of 5 cm. when excessive numbers of petechiae were 
produced at the 10, 20, or 30 cm. readings. For example, Patient 29 showed a 
capillary' resistance of 10 cm on tlic Petcchiometor, Imt had forty petechiae. 



Fip. 1 — Comparison between old and ne^\ resistometers 

Obviously, because of the many pctecliiae produced, the true capillary resistance 
was actually less than 10 centimeters. Using the old resistometcr, the capillaiy 
resi.stanco in this patient was 5 centimeters. When comparisons were made with 
the two machines, it was found that when six or more petechiae were produced 
by the Petechiometcr, one could in most instances subtract 5 cm. from the capil- 
lary resistance shown by tliis new instrnment and api)roximatc tlie reading 
given by the old machine. 
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Table I. CAriLLAEV Eesistance Keabings (Centimeters op ilEncuRY Suction) in 100 Patients With 
New and Odd Kesistoxieters, Using RroitT and Left Poreaesis 
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•Capillary resistance before 5 cm, correction for excessive number of pctechiae (six or more). 


P, Number of petcohiao. 
tCorrected capillary resistance. 


RESULTS 

By subtracting 5 cm. when six or more pctechiae were noteci at the capillary 
resistance determination with the Petcchiometer, the average reading with the 
old instrument was 14.75 cm. and witli the Petechionieter 14.25 centimeters. 
This similaritjr is not so constant in individual readings. Onty 43 per cent 
showed no difference between old and new resist ometei's and 90 per cent did 
not vary more than 5 centimeters. Of the ten patients who differed by more 
than 5 cm. between arms, seven patients showed a 10 cm. difference and three 
patients a 15 em, difference. One may expect, however, to find similar variations 
between arms even when using the same resistometer.-' ® 

DISCUSSION 

A simple capillary resistometer to determine bleeding tendencies should be 
welcomed by physicians. It has been noted that the lower the capillary resist- 
ance, the greater is the bleeding time.'* A capillary resistance of 5 em. means 
marked fragility. Capillary fragility accounts for bleeding in sueli conditions 
as purpura and rheumatic fever and in hypei'tensive patients.^’ “ 

Without a suction apparatus for determining capillary resistance, the elini- 
eian may resort to positive pressure metliods, as by use of the sphygmomano- 
meter.'’ ® The disadvantages of such methods are listed by Tey° as follows; 
(1) determination is time consuming; (2) test cannot be repeated for days; 
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(3) there is no gradation in the same subject; (4) results cannot be read with 
accuracy; (5) positive pressure methods arc iinsuited for pharmacologic in- 
vestigation, where several detenninatioiis must be made within a few minutes 
since only two body surfaces (arms) arc available. 

On the other hand, use of the Pctcclnometer is simple and painless. Deter- 
mination of capillarj’ resistance requires less than five minutes. The instrument 
is small and can be carried in one’s bag. 


CONCLUSIONS 

Capillary resistance determinations were made on one hundred patients, 
using a modified Dalldorf resistometer with vacuum gauge on one forearm and 
a new instrument, the Potcehiometer, on the other. 

Although readings on both forearms differed in individual subjects, these 
differences were usually slight. Only 10 per cent of patients showed readings 
which differed more than 5 cm. between arms. iMinor differences are nomally 
noted between arms. The.sc differences tended to balance in the final compilation, 
for the average capillaiy resistance* witli the old machine was 14.75 cm. and witli 
the Pctechiomcter 14 25 centinictei’S. The Petcehiometcr thus appears to be 
accurate. 

The Pctechiometer has the following advantages over the older resistometer: 
it is on the market; it is simple to use; it is compact and small. 
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A SIMPLIFIED VENOUS OCCLUSION METHOD OF DIGIT BLOOD 
FLOW ESTIMATION USING THE BURCH-WINSOR 
PLETHYSM06RAPH 

Chari.ks W. Robkrtson, JI.D., Douglas A. Farmer, M.D., and 
Reginald H. Sjiithwick, jM.D. 

Boston, jRass. 

D igit lilood flow studies based on the venous occlusion principle have been 
greatly simplified b.v the development of a clinical type of transmission 
plethysmograpli by Burch.’ At the present time venous occlusion blood flow 
determinations are being carried out as a part of the regular digit plethysmo- 
graphic study on both fingers and toes in our laboratory. The basic details of 
this tj'pe of study have been recorded by Wilkins,- Goetz,^ Abramson,’ and 
others.® Our purpose in reporting this metliod is to emphasize the ease with 
which venous congestion methods may be adapted to the Burch-Winsor plethys- 
raogi-aph. Measurements with this type of apparatus depend upon volume 
changes in the part under study, the variables being amount and rate of volume 
change. For the most part an increase in the volume of a trapped part is de- 
pendent upon either increased arterial inflow or decreased venous outflow or 
both. If one occludes the venous outflow without disturbing the arterial inflow 
the volume change resulting repi-csents an indirect estimate of the arterial in- 
flow. The inherent limitations of this type of determination liave been ade- 
quately discussed by Abramson and by others.-’ ’’ ’• ® We are aware of these 
limitations, Init with increasing experience wc are coming to feel that digit flow 
determinations are wortli-while adjuncts to digit plethysmography, particularly 
in attempting to decide about the presence or absence of vasomotor activity in 
the digital blood suppljL 

The problem of applying an occluding lu’cssure to the base of the digit 
might be mentioned first. Our first attempt was a brass-backed latex ring. 
This was a satisfactorj- method for fingex’s but in the case of toes a ring large 
enough to pass over the end of the toe Avas frequently too large to satisfactorily 
compress the toe at its base. The brass-backed latex cuffs Avere discarded in 
favor of Abi'amson’s adhesiAm tape-latex tube method. In making the latex 
tubing for the occluding cuffs a glass rod 6 mm. in diameter AA’hich has been 
dusted Avith talcum poAvder is dipped into a container of prevulcanized liquid 
latex tAA’o or three times. After scA’eral hours of drjdng, the surface of the 
rubber on the glass rod is dusted Avith talcum poAvder and the rubber is rolled 
off the glass. The tubing thus obtained is thin enough to avoid bulk and strong 
enough to Avithstand the occhxding pressures. The latex tuliing is attached to a 
small catheter or plasma tubing AA'ith a fiixe silk binding re-enforced Avith a turn 
of adhesive tape. The latex tubing is then backed Avitli ordinary adhesive tape. 

From the Department of Surgery, Boston University School of Medicine and The Massa- 
chusetts i^Iemorial Hospitals. 

Received for publication, Aug. 20, 1940. 
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Tilo end is turned under and covered with a tab of adhesive. The completed 
euff is 8 to 10 cm. in length and approximately 1 cm. wide.* Thc.sc cuffs, if -vvell 
made and free of bubbles, will siimvc a week or more of active use. In apply- 
ing tlie cuff to tlic digit, the cuff is wrapped around tlie base of tlio digit and a 
short jiiecc of adhesive is used to secure tlic cuff to itself to i>revcnt slipping. 
(Pig. 3, A and B.} 

The method of cuff iiiHatiou ii.sed is a simple i>rcssure bottle arrangement 
similar to that of flootz.'* Tlic es.sentials of the ])rc.ssiirc sy.stem arc a 1 or 2 
liter widemouthed bottle, a tightly fitting rubber stopper, a large three-way 
glass stopcock, some type of manometer — either anacroid or mercury, a blood 
pres.sure tj'pe of comprc.ssion bulb, and suitable tubing and glass or metal con- 
nections. The illustrations (Pig. 2, A and 7?) arc self-explanatory and give a 
satisfactory scheme of connections for use 

In iLse the occluding pressures should be well below diastolic arterial 
pressure and w'o have foinul 60 to 70 mm. (Hg) to be .satisfactory for most digits. 
When air is allowed to flo^v into a single cuff, the others having been excluded 
by clamp.s, the bottle pressure falls 1 to 2 mm. of mercury witli each inflation. 
This is eovrected prior to each occlusion by moans of the compres.sion bulb. 

To summarize the stcj)s in the digit flow determination : 

1. The digit part is measured in the displacement tube apparatus’ to a 
volume of 5 cubic centimeters. Tins volume is indicated on the digit by a weak 
gentian stain which is employed ns the "measuring fluid.” 

2. The extremity I'llastic cup i.s sealed in place at the jiroximal edge of the 
gentian stain with the scaling compound Kaik-Korcl, previously reported.® 

3. After the cup seal lias been tested, the occluding cuffs arc api>licd to the 
base of the digit in such a way that there is no contact with the cup or the 
sealing compound — and no contact between the tubing from the cup and cuff. 
Trial cuff inflations arc then carried out to make certain the cuffs are in the 
best alignment to prevent unneccssaiy motion of the digit when the cuff pre.ssure 
is introduced. 

4. String sensitivity is ad,iiisted to move 10 mm. per 10 mm."' volume 
eliargo with the calibration lever The routine plcthysmographic tracings arc 
made at slow' speed, standardizing each run twice. Following the .second calibra- 
tion, the base line is sliifted to the left side of the aperture and the camera 
speed shifted to "fast” just prior to the apidication of cuff prc.ssurc. Thi.s 
will require a certain amount of practice by operator and assistant. Wlicn the 
maximal base line shift (i.e volume change) has oecuiTcd, the camera is .shifted 
to slow' s]>eed and cuff jiressurc i.s released by turning the stopcock to the 
"exhaust” position. The base line is adjusted to tlic left side of tlic aperture, 
if necessary, following which tJie venous occlusion test is i-epeated. Tlic camera 
is then stopped and tlie next digit is pifpaied for recording. With practice, 
the volume pulses and two venoas occlusion run.s can lie leeordcd on about 12 
inches of paper for each digit. 

•The laU'x which we have loufxl Fatisfuctorj for this use Is a forimC.i CesienateC No 
GL-lSc, furnlalied by the General and Chcmieal Corp, BCG Main Street, Cambrldcc. Mass 
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5. After tlic tracing has been developed, the digit flow can be readily de- 
termined ])y measuring the amount of volume change per unit of time (Pig. 
3, B). We have arbitrarily used millimeters'* ])cr second i)cr 3 c.c. of part. 
In drawing the tangent slope line it is desirable to avoid using the first pulse 
excursion if possible since positive or negative artifacts are common. In rapid 
flows this may not be pos.sil)le because of the speed with which the string shadow 
crosses the entire width of the ])apcr, in which case the slope line should be 
placed along the most representative portion of the curve. In connection with 
measiu’ing the various string deflections on the tracing, a correction formula 
has been used to compensate for “high” or “low” calibration errors The 
correction ratio wliich we employ uses the following factors : 

Measured volume deflection : True volume deflection (X) 

=r Measured calibration deflection : 10 

Tlius if the measured volume deflection were 14 mm. and the standardization 
deflection were found to be 8 mm. instead of 10 mm. the measured deflection 
would he low and by the correction formula the true volume deflection would be : 

14 : X = 8 : JO 
SX = 140 

X =: 17.50 mm./o c.c. of port (corrected deflection). 

Although this formula does not take into consideration all the variable factors 
which might cause minor errors, such as variation in volume of the trapped part, 
it is probably worth while in measuring volume pulses and blood flow where the 
standardization error is greater than 1 millimeter. 

Tlic illustrations demonstrate the e.ssential details of this method of blood 
flow estimation in digits. Tlie plcthysmogranis ju’cscnted are tracings from 
normal individuals who have no evidence of peripheral vascular disease. The 
“warm room” flows have been recorded after one hour in an ambient tempera- 
ture of 83° to 84° F. and tlic “cold room” flow.s after one hour in an ambient 
temperature of 68° to 69° F. (Pig. 3, A and B.) 

The application of tliis type of digit blood flow determination to normal 
subjects and before and after limb syinpathcetomy will be presented in sub- 
sequent communications. 
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61. EXPERIMENTAL PRODUCTION OP MEGALOBLASTIC ANEMIA; 

AN INTERRELATIONSHIP BETAVEEN ASCORBIC ACID AND 
PTEROYLGLUTAMIC ACID 

Charles D. May, jM.D., E. N. Nelson, M.D. (By Invitation), and 
R. J. Saljion, M.Sc. (By Invitation), JIinne.ipolis, jVIinn, 

This report describes a means of producing megaloblastic and macronormo- 
lilastic anemia in monkeys using deficient diets alone. 

The diets employed were basically dried cow’s milk reconstituted with 
water and adjusted with lactose and vegetable oils and supplemented with 
crystalline vitamins to provide liquid diets of the following approximate com- 
position ; 



PEK 100 

.ME. 

Protein 

1.6 

Gm. 

Carboliydratc 

7.2 

Gm. 

Fat 

3.3 

Gm. 

Calories 

67 


Vitamin A 

800 

I. U. 

Vitamin D 

50 

I.TJ. 

Thiamin 

.07 

mg. 

Eibofiavin 

.1 

mg. 

Nicotinic acid 

.5 

mg. 


Any other vitamins present were those contained in the milk. Each 
experimental animal was given .137 mg. Pe per kilogram in the form of iron 
ascorbate intravenously at the start of the experiment followed by several 
weeks of oral therapy with 4 c.c. of ferrous gluconate dailjL 

In five control periods monkeys fed this tjqie of diet ad libitum and 50 
mg. ascorbic acid daily for five or more mouths remained in good health and 
did not develop anemia or changes in the bone marrow. 

AVhen the experimental diet was fed to eleven monkeys without the addi- 
tion of ascorbic acid, a typical sequence of events occurred. For three to four 
months they remained in apparent good health. At about this time the first 
symptoms of scurvj’^ appeared. They remained essentially in this state for the 
next three to four weeks, exhibiting only the symptoms of scurvy, without de- 
veloping anemia or definitive changes in the marrow. Then a preeipitoiis 
deterioration began. Pronounced anorexia and listlessness ushered in this 
phase. Diarrhea commenced invariably, the stools being loose to mushy, bulky, 
and foul but without pus or blood. AVith one exception a histamine re- 
fractory gastric achlorhydria developed. The fur lost its smoothness and 
luster and was shed in large amounts. The peridontal gingivae became 
ulcerated and necrotic. No changes were seen in the tongue. No infec- 
tions were observed in the animals at any time. Anemia and neutropenia 
developed rapidly without erddence of additional hemorrhage. The anemia 
was usually of a normocytic or macrocytic type. 

The most critical criteria were applied in designating the types of cells 
seen in the marrow. Three monkeys developed megaloblastic marrows very 
similar to, if not identical with, those seen in megaloblastic anemia in human 

1724 
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beiugs. Tlie marrows in the other eight animals became macroiiormoblastic, a 
stage through which the megaloblastic marrows passed. The alterations in 
the granulocytes in each instance were striking, allowing hypersegmentation 
and large early forms with premature lobulation such as are seen in the 
marrow in pernicious anemia. It was the impression that all the marrows 
might have progressed to a frankly megaloblastic picture if the precarious 
condition of the animals had not made it seem necessary to treat them in order 
to test the effects of various agents. 

A systematic trial of vitamin Bia, PGA, and ascorbic acid revealed the 
following: (1) Ascorbic acid given relativelj' early in the disease gradually 
re.stored the animal to health and the marrow and blood became normal. (2) 
If ascorbic acid was not given until an advanced stage of the disease, it did 
not restore the marrow to normal or prevent the death of the animal. (8) 
Vitamin B 12 alone, given intramuscularly, had no effect on the marrow within 
forty-eight hours. (4) PGA, given oralb' or intramuscularlj' as the free acid 
or the triglutamate, but without ascorbic acid, promptly stimulated normal 
hematopoiesis in the marrow and relieved all the symptoms not attributable to 
scurvy. "Wheii ascorbic acid was added, normal health was restored even 
though the experimental diets were continued. 

Increasing the protein in the diet to 3.3 Gm. per 100 c.c. by adding cal- 
cium caseinate did not prevent the development of the characteristic anemia. 

Thus it would appear that megaloblastic anemia developed as a result of 
PGA deficiency somehow induced by a chronic deficiency of ascorbic acid. 


62. CERTAIN EFFECTS OP CHEMOTHERAPY ON TUB FECAL 
AEROBIC AND ANAEROBIC BACTERIA OP PATIENTS WITH 
CHRONIC ULCERATIVE COLITIS 

Homer C. Marshall, M.D. (By Invit.vtion), V^'ALTEn L. Paljier, M.D., 

AND Joseph B. Ivirsner, M.D , Chicaoo, III. 

The role of the fecal bactei-ia in the pathogenesis and course of chronic 
nonspecific ulcerative colitis is not clear. A method of simplifying the bac- 
terial flora of the feces and reducing the number of bacteria in the bowel 
would provide useful information concerning this problem. Accordingly, 
qualitative and quantitative studies of the aerobic and anaerobic bacteila 
were made before and after treatment with absorbable and nonabsorbable 
sulfonamides, penicillin administered orally and parenterally, and the oral 
administration of streptomycin, aureomycin, and Chloromycetin. Control 
studies consisted in obseiwations intended to determine the error of the method 
and to ascertain the spontaneous day-to-day variation. The drugs were ad- 
ministered for relatively long periods of time; bacteriologic studies were 
carried out at frequent intervals in order to determine the initial and late 
effects of chemotherapy. AR of the drugs, under certain conditions, are 
capable of altering the aerobic flora; some also may modify the anaerobic 
flora of the feces, the degree and duration of effect vaiying considerably. 
For instance, sulfonamides alter the aerobic flora, when initially used, for 
periods as long as six weeks. Streptomycin, on the other hand, exerts a 
marked quantitative effect, whicli is maintained, however, only for several 
clays. Chloromycetin and aureomycin exert an intermediate effect: the B. coJi 
(iisappear and the total bacterial count initially falls and then rises, with the 
reappearance of B. coli as a predominant organism. In addition, after the 
initial depression of bacterial counts had terminated, the counts tended to rise 
above the control levels and to remain high, decreasing to control levels only 
after the drugs were discontinued. 
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All of the patients improved when a basic regimen was instituted which 
provided a diet which contained calorics equivalent to twice the calculated 
basal requirement; 2^/^ Gm. of protein per kilogram of body weight; 30 per 
cent of the calories as fat and the remainder as carbohj'drate. The patients’ 
clinical improvement was accelerated by the addition, to this regimen, of daily 
intravenous infusions of a mixed amino acid solution which was sodium free. 

Restriction of the sodium intake below 1.0 Gm. per day was a valuable 
adjuvant in combating fluid retention. The patients with edema and ascites 
showed an increased urinary output and the edema and accumulation of ascites 
diminished when salt intake was restricted. 

No clinical benefits were observed in the patients when the liasic regimen 
was supplemented with cystine, methionine, choline, B complex vitamins, or 
parenteral liver. 

The infusion of large amounts of concentrated human serum albumin 
(salt poor) was impractical as a method of protein supplementation, even 
though a transient rise in serum albumin concentration and a marked in- 
crease in positive nitrogen balance attended its administration. 

On the regimen described (diet, salt restriction, and supplementation ivith 
amino acid infusions) ail of the patients showed increased weight gains -with- 
out fluid retention ; those with edema and ascites gradually showed reduction 
and disappearance of these manifestations of liver disease. All patients showed 
a striking capacity for the retention of tremendous amounts of nitrogen, prob- 
ably due to replacement of fluid in the tissues by newly synthesized muscle 
protein. 

One patient with advanced eii-rhosis and recurrent ascites was observed 
over a period of two years while subsisting on seven different regimens. At 
the peak of the patient’s illness, pai’aeentcscs were necessary at ten to twenty- 
day intervals and 16 to 19 liters of fluid were removed at a time. Albumin 
therapy produced no alteration in the rate of accumulation. A low salt 
regimen reduced the frequency of paracenteses to about thirtj'-day intervals. 
Finally, with the previously described regimen, the patient became ascites free 
and has remained so for 7 months. He has maintained his body weight gains 
and has returned to a normal active existence. 

Of seven liver function tests, serum cholinesterase activity was the most 
reliable test of liver function in that the cholinesterase levels most accurately 
correlated with the patient ’s clinical condition. 


67. QUANTITATIVE STUDIES OP VIBRATORY PERCEPTION IN 
DIABETIC AND NONDIABETIC SUBJECTS 

I. Arthur Mir.sky, M.D., Perry Futterman, M.D. (By' Invitation), and 
Robert H. Broh-Kahn, M.D., Cincinnati, Ohio 

Quantitative measurements of the threshold of vibratory perception were 
made in 102 diabetic patients and in 136 nondiabetic, nonobese, nonhyperten- 
sive subjects. Both groups of patients were chosen at random from an ambula- 
tory population and were from 5 to 79 years of age. 

No correlation was found to exist between the threshold of vibratoi’y 
perception and the side of the body tested or the sex of the subject. A 
significant increase in the threshold was found in the diabetic group of sub- 
jects. This increase was not related to either the known duration of diabetes 
mellitus or the severity of the metabolic derangement as estimated by the 
patients’ insulin requirements. Diabetic subjects with symptoms or signs of 
neuropathy tended to have a greater incidence and greater degree of vibratory 
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impairment than those ■without such signs or symptoms. Similar measure- 
ments in nondiabetic groups of obese and hj'pertensive patients revealed no 
differences in their thresholds from those of the control group. 

Both the diabetic and nondiabetic groups of subjects showed an increasing 
threshold of vil)ratory perception with increasing age. This increase was more 
marked in the toes than in the fingers and was greater in the diabetic than 
in the nondiabetie subjects. The data revealed a more rapid increase in 
vibratory threshold among the diabetic subjcct.s during the earlier decades; 
during the later years of life, the threshold of the nondiabetic subjects rapidly 
approached the level of the diabetic subject. 

This study provides evidenee for the concept that the process of aging 
is more rapid, or of greater initial intensity, in the patient with diabetes 
mcllitus than in tlie nondiabetie subject. 


68. MECHANISJI OF HYPERTHERMIA NOT DUE TO INFECTION 

JLvn M. Montgojiery, M.D. (By Invitation), Ford K. Hick, jM.D., and 
Robert Wood Kef.ton, M.D., Chicago, III. 

Fever usually indicates infection but also occurs when an individual cannot 
eliminate heat produced by his body metabolism, a principle utilized in fever 
production by the various “cabinets.” 

In the past few years a number of patients have been observed witli fever 
not easily ascribed to infection. Records of nine such patients permitted study 
of tlio rectal temperature, state of the skin .surface, pulse rate and ihythm, 
blood pressure, and cuvironmcntal conditions. Si.x developed fever ranging 
from 104 to 107.8° F. during hot humid wcatlicr, and three developed fever 
ranging from 102.S to 100° F. during moderate weather. Six were postopena- 
tivc and 3 were medical patients. 

Failure of transport of heat from the interior to the body surface with 
coiisoquont heat retention was indicated in five of the postoperative and two 
of the medical patients by a cold skin and a high rectal temperature. In each 
case a circulatory factor was present, auricular fibrillation in two, excessive 
tachycardia in two, severe hemorrhage in one, shock following myocardial in- 
farction in one, and circulatoiy collapse in acute liver necrosis in one. 

Failure to eliminate heat from a hot skin was present in one patient witli 
ichthyosis who was virtually unable to sweat and in whom anesthesia, surgery, 
and excessive bed covering combined with very hot weather to produce a rectal 
temperature of 105° F. An overdose of barbiturate led to hypertlicrmia ol' 
104.6° F. in one patient found unconscious in a hot humid room. Dehydration, 
pulmonary edema, and anoxia plus a disturbance of the heat regulatory mecha- 
nism were contributory factors. 

In each patient several factoi'S were operative, but the common factor was 
the inability to lose heat as rapidly as it was produced, usually due to inadequate 
circulation. A hot humid environment was often the precipitating factor since 
this interfered with lieat lo.ss. The load on the cardiovascular system was in- 
creased by heat retention and attendant tachycardia. This led to excessive 
tachycardia or auricular fibrillation witli less efficient circulation and further 
lieat retention. 

From the study of these patients uith severe hyperthermia one is led to 
consider the factor of heat retention in fevers of lesser degree such as occur in 
congestive heart failure, shock, myocardial infarction, etc. Measures aimed at 
facilitating heat loss at the inception of fever may prevent the serious effects of 
liypcrthemnia. 
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69. THE EFFECT OF HIGH VAGUS SECTION UPON THE CLINICAL 
PHYSIOLOGY OP THE BRONCHI 

Douglas R. Morton, M.D. (By Inahtation), ILvrl P. Klassen, M.D. (By 
Inahtation), and George M. Curtis, M.D., Colujibus, Ohio 

Other than the oecnrrenec of snbsternal pain in patients haA’ing acute bron- 
chitis, little is knoAvn concerning pain of bronchial origin. Consequently, an 
evaluation of the quality as Avell as the referral of pain of bronchial origin Avas 
made in patients by direqt, stimulation of the bronchial mucosa, using an 
electrode introduced through a binnehoseope. PolloAving recoveiy from the 
bronchoscopy, the patients described the sensation as a moder.ately intense 
aching pain, Avhich Avas felt in the homolatcral anterior chest or the homolatcral 
anterior cervical region. In a series of tAventy-live patients thus investigated, 
the referral of pain Avas consistent and symmetrical. 

Patients found to have inoperable bronchogenic carcinoma at exploratory 
thoracotomy afforded an opportunitj' to cA’aluate the effect of A'agotomy on the 
clinical physiology of the bronchi. Accordingly, in these patients the vagus 
nerve Avas transected above the pulmonary plexLis, yet beloAv the origin of the 
recurrent laiyngeal nci'A'c, Avith the folloAA'ing results : 

(1) The cough reflex arising from the homolateral In’onchial tree Avas 
abolished in all instances. (2) In tlie majoritj' of cases pain of bronchial origin 
Avas abolished on the homolateral side. In the remaining feAV, there Avas referral 
of pain to the contralateral anterior cci-Adcal region. (3) No effect on the 
phj'siolog'ie respiratory change in hronchial caliber aa'rs noted, nor Avas any 
effect observed on hronchial motiUiy. (4) On bronehoscopic observation no 
subsequent changes Averc noted in the amount nor in the consistency of 
hronchial secretions; likcAvisc, lAostbronchograpliy roentgenograms revealed no 
impairment of Lipiodol clearance of the tracheobronchial tree. (5) In a limited 
number of cases, electrocardiographic tracings Averc unaffected by compression 
of the vagus nerve or its transection or bj' electric stimulation of either the 
proximal or distal ends of the transected A'agus. 


70. PYRIDOXINE DEFICIENCY IN HUMiySF BEINGS INDUCED 
WITH DESOXYPYRIDOXINE 

John F. Mueller, M.D. (By Ina'itation), and Richard W. Vilter, M.D., 

Cincinnati, Ohio 

Since 1934, Avhen Gyorgj^ announced the existence of a ncAV Adtamin for 
the rat, Avhich Avhen synthesized Avas called pyridoxine, numerous reports 
have appeared clearly defining deficiency states in A'arious laboratory animals. 
These have included seborrhea-like dermatitis, muscular Aveakness, decrease in 
lymphoid tissues, and decrease in circulating antibodies in the rat,_ hjTio- 
chromic anemia in the dog, anemia and central nervous sj^stem lesions in 
SAvine, and lymphocytopenia and absolute increase in neutrophiles in the 
monkey. There has never been a clear-cut demonstration that pyridoxine is 
essential to human beings and a pyridoxine deficiency state in man is un- 
known. 

With the recent adimiit of metabolite inhibitors, a neAV tool has been 
placed in the hand of the investigator to study deficiency states. Such 
antagonistic actiAdty toAvard pyridoxine has been demonstrated for dcsoxw 
pyridoxine in the chick. During pilot experiments to determine the toxicity of 
desoxypyridoxine in man, Ave observed a deficiency syndrome precipitated 
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by a vitamin B complex-poor diet and desoxypyricloxino which responded 
specifically to pyridoxinc. These early experiments have been extended and 
arc the basis of this report. 

Eight patients snTcring from various chronic illnesses were given GO-150 
mg. of desoxypjTidoxinc intramuscularly daily while they were maintained on 
a diet low in vitamins of the B complex. Hematologic studies were done be- 
fore and at biweekl}' intervals after the institution of the experimental regime. 
Urine assays for pyridoxic acid, thiamin, riboflavin, and N^-methylnicotinamidc 
were done at weekly intervals in most instances. AVhen the deficiency state 
developed, the patient Avas placed on a vitamin B complex mixture dCA'oid of 
pjwidoxinc and later on pyridoxinc alone. The <lesoxypyridoxine and diet 
were continued throughout the entire experimental period. 

Seborrhea-like skin lesions developed about the eyes, nose, and mouth 
within tAvo to three Avecks in scA’en of the eight patients. In three of the scA'en 
the lesions Avere quite severe. Half of the patients developed erosions in and 
around the mouth resembling cheilosis of riboflavin deficiency and glossitis 
resembling morphologically that seen in niacin deficiency. One patient de- 
veloped severe systemic symptoms. A mild but definite lymphocytopenia ap- 
peared in seven of the eight patients. No anemia occurred. These manifesta- 
tions Avere unchanged Avhen the vitamin B complex mixture devoid of 
pyridoxinc Avas given but responded in forty-eight to seventy-tAvo hours to 
the parenteral administration of 100 to 200 mg. of pyridoxine. 

The authors feel that these lesions constitute at least one part of the 
human syndrome of acute pyridoxinc depriAmtion. 

71. PANCREATIC DYSFUNCTION AND LITOR DISEASE 

R. 0. Muetiier, M.D., TViluam Knight, Jr., M.D. (By Invitation), 

AND Vincente JIoragues, j\I.D. (By Inmtation), St. Louis, JIo. 

Advances have been made in the knowledge of the etiology and pathogenesis 
of liver and pancreatic diseases. Recent animal studies by Chaikoff, Best, 
Gillman, Ivy, and others have shoAvn that fatty deposition in the liver or 
fibrosis may folloAV inflammatory changes in the pancreas, pancreatic duct 
ligation, and pancreatectomy in dogs maintained on a diet of lean meat and 
insulin. The hepatic changes could be prevented by the feeding of pancreatic 
tissue and lipotvophic agents. 

Experimentally there appears to be sufficient evidence to indicate that 
disturbance in pancreatic function may lead to serious liver disease. 

Hepatic changes have been demonstrated to accompany certain pan- 
creatic diseases such as diabetes mellitus and acute pancreatitis. HoAvever, 
pancreatic dysfunction as a cause of serious permanent liver damage has 
largely been oA’crlookcd. 

The use of frequent serum diastase determinations and the prostigmine 
diastase test has increased the accuracy and incidence in the diagnosis of 
pancreatic dysfunction and has enabled us to detect abnormalities of the pan- 
creas Avhen diseases of other organs in the upper abdomen may be also present. 

AVe AA’ish to report the ease histories and laboratory data of five patients 
Avho had pancreatic disease as showTi by the clinical history, elevated random 
diastase determinations, and abnormal prostigmine diastase tests and Avho also 
had hepatic disease. These diagnoses were confirmed bj’ surgical exploration 
and biopsy. 

The pathology in the liver ranged from periportal roniid-cell infiltration, 
similar to that seen in cholangiolytic hepatitis, to the marked fibrosis of ad- 
vanced hepatic cirrhosis. 
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In none of the cases could the usual etiological agents of liver disease 
such as toxins, infection, or malnutrition he elicited. The elevated serum 
diastase values which occurred at intervals in these patients as well as the 
abnormal prostigmine diastase test are at variance with the low serum diastase 
values usually found in patients with damaged livers. These findings and the 
expei’imental work of Chaikoff and others, which indicate that removal or 
damage of the pancreas in dogs and rats will result in fatty infilti-ation of the 
liver, as well as inflammatory changes and various types of fibrosis, lead us 
to suspect that pancreatic dysfunction may at times play an important 
etiological role in the pathogenesis of liver disease. 


72. CHANGES OBSERVED FOLLOWING THE EXPERIMENI'AL 
INFUSION OF THE DIURETIC SODIUM SULFATE 

L. A. Nalef-ski, M.D., Chicago, III. 

(Introduced by N. C. Gilbert, M.D.) 

The diuretic ability of sodium .sulfate was established some sixty years ago 
in experimental animals. It was first administered parentcrally to human sub- 
.iects in 1934. No adverse effects were reported in normal sub.'jects receiving 
moderate doses, and when given to patients with diminished urine outputs, it 
appeared to be nontoxic. Maitland encouraged its use for anuria resulting from 
erush injuries during the “blitz” in England, but it was not widely adopted. 
Recently the Council on Pharmacy and Chemistry of the American Sledical 
Association granted its approval for the parenteral use of sodium sulfate as a 
diuretic in the treatment of oliguria or anuria secondary to the enish s 3 'ndrome, 
burns, transfusion reactions, toxic hemolj’sis, and obstructive lesions of the 
genitourinaiy tract. 

The author observed the use of this diuretic in four patients. In two with 
cardiac edema, one responded well and the other expired suddenlj’ several hoiirs 
after 1 liter of isotonic .sodium sulfate was administered. Two patients with 
anuria resulting from hemolytic reactions consequent to receiving improperly 
typed blood expired without diurcsing. Unu.suoll 3 ' high blood sulfate levels were 
found following the use of sodium sulfate. 

The foregoing clinical observations prompted furtlier experimental study 
of this drug. Health)’' female dogs wei'c anesthetized, after which they were 
infused with isotonic sodium sulfate. A control group of animals was studied 
using isotonic sodium chloride. The infusions w’ere maintained for a period of 
five hours. At hourly intervals arterial blood samples were obtained and .sub- 
jected to a complete electrolyte and acid-base study. Urine was collected 
quantitatively during the same intervals and studied similarly. Electrocardio- 
graphic tracings were made initially and at the end of each hour. At the end 
of the five-hour infusion the animals were sacrificed and tissue biopsies obtained. 

It was found that a true acidosis developed folloAving sodium sulfate in- 
fusion and that this acidosis could be mitigated by the proper use of buffers in 
the infusion media. Histologic changes were present in the kidneys of those 
animals infused with sodium sulfate and absent in the control group. Electro- 
cardiographic changes were also demonstrated dui-ing the sodium .sulfate in- 
fusion. 

It is concluded that the indiscriminate use of sodium sulfate as a diuretic 
in cases of anuria is dangerous. By utilizing a buffered solution with the 
sodium sulfate, it is thought that some of this danger may be eliminated. 



I’lJOCKEDIKGS OF TWEXTY-SECON’D AXXUAL JtEETING 


ms 


73. CAHDIOVASCULAR CHANGES FOLLOWING THE EXPEIHi'\IENTAL 
ADiAHNISTKATrON OF GARIFiH CrHAlRCHE 

L. A. Naeefski, M.D, (By Invitation), N. ('. Gilbert, and 
G. K. Fenn, liLD., riiir.vco. Ill 

During recent experiment.^ witli various licparin preparations it was found 
that the sodium salts of licparin increased the coronary flow volume, while the 
barium salts of liejiai-in did not slmw this effect. In earlier work in coronaiy 
flow studies wo gained tlic im]>ression that the soluble barium salts acted as a 
coronary constricting agent. We thci-cfore decided to study tlie action of this 
drug on the eardiova.scular system in detail. 

Healthy mongrel dogs, ranging in weight from 10 to 12 kilograms, were 
given barium chloride orally and parenterally in a conscious state. Electro- 
cardiographic and plct)iysmogra])hic tracings were made. Blood prcs.sures w'erc 
recorded. The effect on coronary fi<»w was determined in anesthetized animals 
by eamiulating the coronary sinus and also by studies on the empty beating heart 

Barium chloride administration was followed (a) by electrocardiographic 
changes such as seen in coronary insufficiency and (b) by a variety of arrhyth- 
mias. A liypci'tensivc effect was produced with a slowing of the heart rate. The 
plcthysmograpliic tracings indicated a generalized vn.soeoustrictor effect. Coro- 
nary flow' was markedly decreased in tlic e.\poi iments conducted. 

Tlicrc appeared to be a difference in tolerance <»f tlic drug in various animals. 
Some would suddenly expire with aa<mizing cries, and clecti’ocardiographie 
tracings in thc.se animals indicated that dcatli w'as caused by coronary insuf- 
ficiency. Autopsies made immediately after dcatli sliowcd grossly areas w'hich 
were similar in appearance to those found immediately following ligation of a 
coronary artery. All of tlio.se toxie effects of barium chloride could bo delayed 
or prevented by treating tlie animal previously or during the experiment with 
amlnophyllin or papaverine. 

It has boon shown by others that barium chloride is precipitated within a 
matter of several minutes by the sulfate ions normally present in the blood 
stream. Therefore, it was difficult to explain tlic prolonged effects tliat 
barium chloride administration sometimes exhibit.s. Becan.se of this paradox, 
colloidal barium sulfate iireparations were matlc and given parenterally. Similar 
electrocardiographic changes w'crc obtained with this molecular preparation 
as with the ionized salts. 

From these e.xpcriincnts w'c coneimlc that the clinical use of hariiim 
eliloride in the Stokes-Adams syndrome, or for any other purpose, is dangerous 
and unpredictable. 


74. KIDNEY EXGJlE'riDN DUKING AND AFTER HEiMUGLOBlNEMlA 
A Method for Production of 11emogloiw.vk.mia by High Sonic ViBRA'no.v 

William II. Olson, l\r.D. (By Inmt,\tio.n), and H. Nkchkles, Itf.I)., 
Ohjvago, III. 

Our goal ill this w’ork was to obtain an experimental animal (dog) w'ith 
complete suppression of kidney excretion due to hemoglobiriemia, the animal 
to remain anuric and die in uremia from five to ten days after the onset of 
hcmogloliincmia. Acute and chronic experiments were done on large, Jiealthy, 
male dog.s. 
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Acute experiments were performed using the following methods for pro- 
ducing hemolysis: thermal trauma, intravenous injection of distilled water, 
intravenous injection of hemoglobin solution, intravenous injection of hemo- 
lytic agents, heating and cooling blood, and, finally, use of high frequency 
sonic vibrations. The latler method proved to be the most useful, and it was 
employed throughout most experiments. Blood pressure, urine excretion, 
blood studies, and survival time were studied. For production of the sonic 
hemolysis, a magnetostriction oscillator was used that produced high energy 
by giving off vibrations in the region of high sonic frequency. The magneto- 
oscillating rod was placed into a glass cup with two side cannulas which were 
connected to blood vessels. The blood was hemolyzed as it flowed past the rod. 
An extreme}.y high degree of hcmoglobinemia could be obtained; the highest 
value was 11,125 mg. per cent of plasma hemoglobin. 

In well-hydrated animals with no hemoeoncentration, hcmoglobinemia 
may produce comiflete sup])ression of kidney excretion during the period of 
hemolysis. Following this the animal may develop dim'csis when plasma 
hemoglobin is below 5,000 mg. per cent; oliguria when plasma hemoglobin is 
between 5,000 and 8,000 mg. per cent; or amnia when plasma hemoglobin 
is above 8,000 mg. per cent. In an animal with moderate reduction of blood 
pressure, together ivith a jn-ogressing hemoeoncentration, the production of 
hemoglobinemia with levels above 2,500 mg. per cent resulted in anuria. 

The duration of the jicriod in which hemolysis was ])roduccd varied be- 
tween ten and sixty minutes. It is felt that, for the study of experimental 
anuria, rapid hemolysis mu.st be used, in order to obtain comparable experi- 
mental animals. 


75. OAEDIAC FACTORS IN “NEUROGENIC” PULMONARY EDEMA 

Robert Paine, M.D. (By Inautation), Hartoy R. Butcher, M.D. (By 
Invitation), and John R. Smith, M.D., St. Louis, Mo. 

Experimental evidence indicates that Starling’s principles of fluid balance 
are applicable to the lung. Pulmonary' edema follows either a diminution of 
blood osmotic tension or an increase in capillary’^ hyxlroslatic pressure. Further- 
more, increased pulmonary hydrostatic pressure, sufficient to provoke edema, 
results when cardiac overload is unequally throvm upon the left ventricle. It 
is likewise possible that left ventricular overload may be produced by^ “neuro- 
genic” factors. Increased intracranial pressure or vagal stimulation are re- 
ported to cause pulmonary congestion and edema through cardiovascular re- 
sponses extraneous to the lungs. 

In open-chest preparations of dogs, pulmonary and sy^stemic arterial and 
venous pressures were simultaneously recorded. The administration oi 
epinephi’ine (0.25 to 1.0 mg. intravenously) produced the usual striking rise 
of arterial pressure and marked bradymardia. Cardiac dilatation and elevation 
of pulmonary venous and arterial tensions occurred, with congestion and 
edema of the lungs. Convei'sely^, when bilateral faradic vagal stimulation was 
applied, the resulting bradycaixlia was accompanied by a fall of systemic 
arterial pressure ; pulmonary congestion and edema did not occur. It is sug- 
gested that sufficient elevation of systemic arterial pressure, together with 
critical bradymardia (reduced minute volume output), from epinephrine, may 
overload the left ventricle if there is continued competence of the i-ight ventricle 
and optimum venous return. The experiments suggest that neurogenic in- 
fluences may^ alter the pulmonary vascular dymamies through adjustments that 
lead to impaired left ventricular function. 
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70. DIABETES DETECTION 
BrITNO .1, Pf.TF.BS, M.D.. lIlI.WAt'KEE, Wis. 

(Intkodiiced by JUuricf. IIardorovf., JC.D.) 

Diabetes cletccfion is becoming a problem of increasing importance. Early 
diagnosis may' be the only ivay one can hope to mortify or possibly cure the 
disease. This is a preliminary report on a diabetes detection survey started 
in September, 1948, which k .still being carried on at an industrial plant in 
Milwaukee, lYis. To date, 180 patients have been tested, C9 female and 112 
male, their ages ranging from 18 to 75 years. The patients arc an nnselceted 
group who come to the medical department for routine physical examinations 
or come with minor ailments. No patient with a definite history of diabcte.s 
or sj-mptoms suggestive of diabetes is inehided in the present report. The 
individual, besides having routine laboratory examination.s, was given 100 
Gffi. of glucose on a fasting slomsch and a blood sugar determination two 
hours after the ingestion of the glneose. The blood sugar determinations %vcre 
done by the Folin-lVn method ; recently the Somogyi method has been used in 
addition. 

If the blood sugar report was 130 mg. or over, the patients were told to eat 
a normal diet during the next three days and warned against missing meals 
or fasting. After that period a glucose tolerance test was done. In those 
patients who fulfilled the following criteria, presonee of sugar in the urine to- 
gether with peak level above 170 mg. per cent (FoUn-lVu) after the ingestion 
of glucose, a diagnosis of diabetes wa.s made. Eleven cases fell in this group. 

Five patients wei'c diagnosed as h.aving a prediabetio state, because these 
patients demonstrated diabetic gluco.se tolerance curves but did not have sugar 
in the urine. A diabetic eniTo is one with a peak level above 170 mg. per 
cent and a level above 130 mg, per cent two hours after ingestion of 100 Dm. 
of glucose. In these five patients the peak levels ranged from 19C to 210, and 
none had a return of B.S, to below 1.32 in two hours. Two patients were 
classed as potential diabetic p.aticnts. They had pe.ak levels of 225 and 187, 
respectively, and ttvo-honr levels of 108 and 114 with no sugar in the urine. 

On the basis of this survey, eleven patients, or 5.1 per cent, had definite 
diabetes, as proved by an abnormal glucose tolerance and sugar in the urine. 
Five patients (2,8 per cent) had abnormal glucose tolerance curves but had no 
sugar in the urine, and two (1.1 per cent) iverc chnssified ns potenti.al diabetic 
patients. None of these patients have symptoms of diabetes. Some have had 
several determinations during the year and continue to show the same ab- 
normal tolerance curves. Only seven of these patients have fasting blood 
sugars above 120 mg. per cent, the highest being 151 mg. per cent. 

If one considers the first two gi'oups collectively, approximately 7.9 per 
cent of the patients will have diabetes. It is felt that screening methods for 
diabetes will uncover a large number of diabetic patients, but many will still 
be missed unless more .accurate testing is done 
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77. TNTERPKETATION OP THE RESULTS OP THE FLOCCULATION 
TESTS ON BASTS OP BIOPSY FINDINGS AND PROTEIN 

PARTITION 

Hans Popper, 5I.D., Frederick Steigjiann, M.D., J. de la Huerga, M.D. 

(By iNmATioN), Chicago, III., and Murray Franklin, M.D. (By 
Invitation), Iowa City, Ioaya 

The diagnostic significance of the flocculation tests in hepatohiliaiy dis- 
eases is not fully understood despite their established practical value. There- 
fore, in 187 cases with various liver diseases {226 series of determinations), the 
results of eephalin flocculation (CF), thymol turbidity (TT), zinc sulfate 
turbidity (ZST), and the recently described gamma globulin turbidity (G6T) 
were compared with those of chemical and electrophoretic partition of serum 
proteins into albumin and the various globulins and, where available, with the 
findings in liver biopsy specimens. This correlation indicated the following 
factors as influencing the results of the flocculation tests. 

1. Reduction of serum albumin, mostly as result of liver cell damage. 
This increased all flocculation tests except the GGT. 

2. Elevation of gamma globulins in hepatic disorders mostly related to 
proliferation of Kupffer cells and other mesenchymal cells and Instologieally 
recognized by appearance of cytoplasmic ribonucleic acid. This is possibly 
an expression of antibody formation or of stimulation by liver cell breakdown 
products. This factor tends to elevate .all flocculation tests. It also explains 
the elevation of GGT and ZST in recovering viral hepatitis, being more marked 
with tendency for cirrhosis formation. 

3. Depression of gamma globulin formation in severe jaundice as result 
of intra- or extrahepatic biliary obstruction, apparently related to excessive 
bile pigment imbibition of the Kupffer cells. 

4. Depression of ZST but also CP and TT (despite elevation of the gamma 
globulins) by a humoral factor occurring in obstructive jaundice (probably 
of biliary nature) and occasionally in cirrho.sis without jaundice (so far of 
unknown character). 

5. A factor probably resulting from cpialitative changes of serum albumin 
producing elevation of CP and TT, not explained by changes in the al- 
bnmin/gamma globulin ratio. 

6. Lack of a TT enhancing factor, possibly of lipid character but not 
related to total lipid or cholesterol concentration. Thi.s accounts for the often 
normal or only slightly increased TT in alcoholic cirrhosis. 

Interplay of these factors produces diagnostic patterns of the flocculation 
tests in most conditions. Only in toxic liepatitis was the pattern not charac- 
teristic. The tMrd and fourth factors account for the normal fioeenlation tests 
in extrahepatic biliary obstruction and occasionally in hepatitis with intra- 
hepatic obstruction, both even in presence of severe liver damage. Superim- 
posed bacteria! infectiou in extrahepatic obstruction may raise GGT, CP, and 
TT without necessarily elevating ZST. Understanding of these factors and 
the performance of all four flocculation tests increases their diagnostic value. 
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78. A PRELIJHNAKY REPORT ON THE STUDY OP IIYOCARDIAL 
INFARCTION BY AURICULAR CATHETERIZATION 

Wagteb H. Pbitohard, M.D., Hebmak ItELmKSTEiK, 5I,D. (By iNWT.moN). 

Robert Lewis, JI.D. (Bi' Invitatiox), axd Scott Inkoev, JI.D. 

(By ImiTATioN’), Clevel-ind, Oiuo 

In a preliniin.iry c.\j3criencc initiating a study of the dynamic effects of 
acute myocardial infarction, six patients were studied by the right auricular 
catheterization technique. AH patients had definite ovidonce of the on.set of 
an atmte infarct both from clinical and eleetrocavdiographic studies ten to 
sevetitcen days prior to c.athetei-ization. Cardiac rhythm ivas normal and 
congestive failni’c absent. This postinfarction period wa.s .selected as the 
period of initial study because of the theoretical hazards accompanying 
catheterization immediately following an acute infarct. After sufficient data 
and esperieneo have been acquired in the study of this period, observation will 
be extended to the more immediate poatinfaretion period. 

In nine control patients hospitalized for a similar period of time with 
diseases other than cardiac cli.sovdevs, cardiac indices ranged from 2.8 to 3.8 
liters per minute per square meter of body surface. 

No difficulties or complications have been encountered during or after 
eatheterization. Basal oxygen consumption and right auricular pressures 
during the procedure were within norinat limits in all patients. 

In three patients, cardiac output, arterial blood pressure, and heart work 
were within normal limits. In the remaining thi’cc patients, all of whom had 
low Mood pressures, work was redueed approximately 30 per cent below the 
lower norma! range of the control values. 

One patient was cathetcrized on the tenth and again on tlte thirtieth post- 
infarction day. At the first catheterization values for output and work were 
low. Following the usual clinical improvement during the foHou'ing three 
weeks, Wood pressure and work rose, but cardiac output remained unchanged. 

These studies are of a preliminary nature and no conclusions relative 
to factors leading to reduced ovitpnt or maintenance of a noimal output follow- 
ing infarction can be drau-n. In the present small .series of eases, there \ras no 
correlation between the apparent size of the infai’ct determined from the 
electrocardiogram and the level of cardiac output. 


79. TWO RARE CASE.S OF CONGENITzVL JIALFOEJUTION OF THE 
HE ART OP THE CYANOTIC GROUP; RIGHT HEART 
CATHETERIZATION AND ANCrIOCARDIOGR.tU>HIC 
STUDIES 

0. Preo (Bv Invitation}, L. N. Katz, M D , W . Hwano (By Invttatio.n’), 
AND N. Gkossm,vn- (By Invitation), Chicago, Iw,. 

Two cases of rare anomalies of the cyanotic group which must be dif- 
ferentiated from the tetralogy of Fallot are presented. 

The first case is that of a girl 5% years of ago with symptoms of mild 
dyspnea and cyanosis on exertion. ■ . " . ' and anigocardi- 

ography demonstrate a complex ■■■ ■ ■ ■ of (a) a single 

ventricle, (b) a pseudotruucus ar . ■ ■ ’ lypcP^Rsia of the 

right pulmonary arterj’, and (c) aberrant venous coronary drainage directly 
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into the common ventricle. Data ami pre.ssiu’e traeing.s arc presented. Dif- 
ferential diagnosis and certain hemodjoiamie factors, pai’tieularly those which 
may disturb the lialancc between the. systemic and pulmonary circuits, are 
discussed. 

The second case is that of a 4-year-old girl with persistent cjmnosis. Data 
obtained by right heart catheterization j'cveal (a) transposition of great ves- 
sels, (b) intraAmntricular septal defect, and (c) patent ductus arteriosus. The 
problem of differential diagnosis in this ease between the Eisenmenger com- 
plex and Taussig’s heart, consisting of transposition of the aorta and over- 
riding pulmonary artery, is outlined and the dynamics are discussed. 

80. STUDIES ON THE SPREAD OF EXCITATION THROUGH THE 
VENTRICULAR MYOCARDIUM 

Rayjiond D. Pruitt, M.D., Hiraji E. Essex, Ph.D. (By Invitation), and 
Howard B. Burchell, IM.D., Rochester, Minn. 

Direct lead electrocardiograms have been recorded on isolated perfused 
dogs’ hearts subjected to certain injuries designed to influence the spread of 
the exeitatoiy process tlirough the I'-entrieular myocardium. These injuries 
were produced by the introduction into the left or right ventricular cavity of 
solutions or crystals of potassium chloride, silver nitrate, phenol and cocaine. 

Injuries suffieientl 3 ^ severe to be attended by the electrocardiographic 
pictures of bundle branch block did not evoke an.v specific effect which might 
be ascribed to arborization block consequent to destruction of Purldiije fibers. 
As complexes DTiical of bundle branch block developed in epieardial leads, 
the QRS complex in leads from the ventricular cavity into ivhich the trau- 
matizing agent had been introduced assumed an essentiallj’- monophasic char- 
acter, with an R waim vovy similar to that recorded simultaneously from a 
contiguous epieardial lead. Apparently, endocardial and epieardial electrodes 
bore a similar spatial relationship to the spread of excitation through the 
intervening Amntricular wall. 

In an attempt to account for these findings, the following hypothesis was 
proposed. The speed at Avhieh the exeitatoiy process spreads through a cer- 
tain segment of the myocardial sjmeytium depends upon the orientation of 
the fibers in that segment to each other and to the point of origin of excita- 
tion. Spread doivn a strip of fibers of which the long axis is parallel to the 
long axis of the strip is rapid as compared ivith spread doivn a strip in ivhich 
the fibers run at a right angle to tlie long axis of the strip. Endocardial ac- 
tivation is rapid not because of the presence of Purkinje fibers, but because Hie 
subendocardial bands of myocardium form a network through Avhieh excita- 
tion can move rapidly along the long axis of the fibers. Spread across the 
septum in bundle branch block and across the free Avail of the left ventricle 
in the normally activated heart is sIoav because excitation is moving through 
fibers, the long axis of Avhieh is perpendicular to the advancing AvaAm of ex- 
citation. 

Testing of this hypothesis Avas undertaken bj' isolation of a segment of the 
ventricular Avail, except for a limited attachment at one end of the strip. The 
spread of excitation cloAvn this segment Avas studied in relation to the disposi- 
tion of the fibers constituting the strip. The presence of a band of fibers, the 
long axis of Avhich is parallel to the long axis of the strip, appears to be es- 
sential to rapid excitation of the segment. %Yhether these fibers are epieardial 
or endocardial makes no difference. 
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SI. THE PATHOLOGIC PJn-SIOLOGY OF JIEGA-BSOPHAQUS 
I. Daiiin Pui'i'EL, M.D., CoLmiBtis, Ohio 

Tlio actual imderlying' plij'siopatliologj' of mega-csoiiliagiis is still a matter 
of uncertainty, in spite of many theories set forth. Bceaitsc methods of de- 
termining the fiinctionai behavior of various parts of tiie esopiiagus have here- 
tofore been so equivocal and inadequate, ire liave felt that esophageal motility 
studies by the balloon ami kj’inograph method might aid in solving this prob- 
lem. lYe have made e.'cten.sive esophageal motilitj’ studies under varying con- 
didons of three normal persons, three patients with achalasia, and five patients 
with organic obstructive lesions of the esophagus. 

The three normal persons served as controls. They were studied under 
varying condition-s over many hours. Those studies show that organized 
frequent^ contractions of good amplitude are related normally with powerful 
peristaltic waves and an c.vcclicnt deglutition effect, as revealed by a strong 
pull on the Einhorn tube attached to the balloon. They play an outstanding 
role in Magendie’s third stage of swallowing. 

Information obtained by fliioroseop.v and \-ray film studies during barium 
swallow and by observed clinical cITccts on the inflated balloon which acted 
as a bolus of food was complementary to that obtained from flic esophageal 
motility studies. The data consiilercd together gave adequate conceptions of 
the action of the miuscuinturc of tlic csophagu.s. These data indicated tlmt 
the intrinsic motility of mega-esophagus varies greatly, being almost always 
irregular, uncoordinated, hyporespotisive to stimuli, and not completely ef- 
fective. In fact, (ho infriii.s-ie motility at tinie.s completely failed, and in one 
patient was entirely absent, indieafiiig total motor paralysis. This differs from 
that of the organic olisfruetive lesions of the esoidingns in which there usually 
occurs a normal motilitj' in the segment proximal to the lesion, but rarely 
a liypermolility or even a hypomotility, depending upon the degree of ob- 
strnetion and the stage and complications of the organic disease. Aohala-sia 
of the c.sophagus also differs from truc esophagospasm in which there usually 
occurs a hypermotility and hypcrirritability. 

These data indicate that the disease in idiopathic mega-esophagus is not 
localized necessarily to the cardiac end of the esophagus as is commonly be- 
lieved, In onr experience functional abnormalities often involve the entire 
length of the esophagus. These newer observations offer further evidence foi-, 
and are compatible with, the general theory of achalasia as an underlying 
mechanism of cause of idiopathic mcga-csophagns. 

A discussion will be presented of the effects of atropine and sympafhioo- 
lytic and parasympathomimetic drugs upon the disturbed peristalsis. The 
clinical implications of these data will be set forth 


82. THE PKOTHKOMBIN ACTIVITY OF HUMAN BLOOD 

Aa.MAND J. Quick, JI.D., and JIakio Stefanini, ai.D. {Br Inwtation), 
Milwaukee, Wis. 

Ill 1943, when the labile factor was discovered, it was noted that the ad- 
dition of a small amount of deprothrombinized rabbit plasma, which has a 
liigb concentration of labile factor, to stored plasma reduced the prothrombin 
time markedly below normal. Recently it was found that if blood was care- 
fully coUeotod and stored in silicone-coated glassware, the prothrombin ac- 
tivity decreased on storage, but the addition of deprothrombinized rabbit 
plasma, that is, excess labile factor, reduced the prothrombin time only to the 



1740 


CENTRAL SOCIETY FOR CLINICAL RESEARCH 


level of fresh jilasma. By means of the direct method of determining pro- 
thrombin by adsorption witli tricalcinm phosphate and elntion Avith sodium 
citrate, it Avas fnrtlier found that plasma stored in glass tAA’enty-four hours or 
longer contained a much greater quantit 3 ' of prothrombin than fresh or stored 
plasma kept in a silicone-coated container. 

Obviously prothrombin aetiAnty increases in plasma stored in glass. This 
is masked bj^ the decrease in labile f.actor and only becomes CAddent Avhen 
labile factor is readded. In a silicone-coated container such an augmentation 
does not occur during scA'cral daj's of storage. The change in prothrombin 
activitj^ is explained b.y postulating that pi'othrombin in circulating blood 
exists both in an active and in a precursor state. In contact Avith a rough 
surface such as glass the precursor is coinmrted to the active form. In ox- 
alated plasma the actiAxation is relativelj'- sIoav, Avhile in native plasma it occurs 
in less than an hour. AYhat factor other than the surface of the container is 
necessary for this eoni'ersion to actiA'c prothrombdn remains undetermined. 
Platelets, calcium, and thi'ombin are not essential for this reaction. 

Total and free prothrombin and the conversion to the active form are 
normal in hemophilia and thromboejdopenic purjmra. In Dicumarol poison- 
ing both acth'e and total prothrombin are reduced. In one type of congenital 
hj^poprothrombincmia both the aetwe and total prothrombin arc beloAv nor- 
mal; in a second type the active is Ioav but the total maj’ be normal. 

In summary, prothrombin in human blood oceurs partlj’’ in an active form 
and partly in a precursor state. Prothrombin activity as measured by the 
prothrombin time is dependent upon the concentrations of (1) active pro- 
thrombin (not total), (2) labile factor, and (3) bound calcium. 'Whether the 
inactive prothrombin acts as a reserve or becomes activated during standing 
is not knoAvn. 


83. THE EOSINOPHIL RESPONSE IN ADRENOCORTICOTROPIC 
HORMONE (ACTH) THERAPY 

Theron G. Randolph, M.D., David E. Markson, M.D. (By Invitation), 

AND John P. Rollins, M.D. (By Inautation), Chicago, III. 

Ten patients Avith diagnoses of rheumatoid arthritis, ulcerative colitis, 
bronchial asthma, and other allergic disturbances Avere observed prior to, 
during, and, in some instances, folIoAving the cessation of therapy Avith ACTH- 
Armour by means of serial direct counting chamber eosinophil determinations 
of the lAertyheral blood Avith propylene glj’col-phloxine stain diluting fluid as 
preAHOUsly described bj^ one of us (T. G. R,). 

An average of eleven blood eosinophil determinations Avas made per 
patient prior to starting ACTH therapy. The aA^erage number of circulating 
eosinophils Avas found to be 472, the range vaiying from a minimum of 55 cells 
to a maximum of 2,354 cells per cubic millimeter of blood. 

Eosinophils disajipeared from the peripheral circulation folloAving the 
intramuscular administration of ACTH in all instances, confirming the ob- 
servations of Hills, Forsham, and Finch. An absence of circulating eosinophils 
Avas first noted in one ease at six hours and in another at seventj'-tAvo hours, 
with an average of tAventy-eight hours. The dosage of ACTH ranged from 40 
to 200 mg. per dajL The total quantity required for this eosinophil response 
Amried from 15 mg. in one indivdiual to 400 in another, averaging 112 mg. per 
tAveiity-four hours. 

One patient Avas treated Avith 100 mg. daily for seventy-eight hoiu-s, tAvo 
for fifty -four hours, receiving a total of 325 and 225 mg. ACTH; the eosinophils 



rKOCEEDI.VGS OF TWEN'Ty-SECOXD ANNUAt, JiEETIXO 


1741 


returned to prelreatmnit levels three, foiu", and six days, respectively, follow- 
ing cessation of thcriipy. One patient treated at a level of 200 nig, daily for 
thirteen days developed an elevation in eosinophils to thrice his preti'eatment 
average level coincident with a rednetion of his dose to 150 mg. 

Pretreatment c.vaminations of the nasal secretions and sputa in three pa- 
tients revealed high levels of cosinojiliils ; these cells disappeared from the 
nasal and bronchia! seeretion.s between twelve and twenty-fonr hours after 
the onset of ACTII therapy 


84. ALLERGIC REACTIONS FOLLOWING THE INTRAVENOUS 
INJECTION OF CORN SUGAR <nEXTROSE OR GLUCOSE) 

Theeox G. R.ixDOLrH, 31,D, .ixd Joii.n’ P. Roluxs, MD. (Bv Invitatiox), 
Chicago, III., -i.vd Covde Iv. W.iltkh, M D (By IxviT.moxl , Younostowx, Ohio 

Pyrogen contamination has been considered ns the major ennse of re- 
actions associated w-itli iutravenons de.xtrose therapy. Altliough the institu- 
tion of stci'ilo vaciuim-paekcd fluid containers and sterile packed disposable re- 
cipient sets has largely controlled these factors, disturbing clinical reactions 
still occur. The fact that these reactions appear in selected individuals sug- 
gests that the cause may' be due to some peculiarity of the recipient. 

So completely have the terms dextrose , 010 ! glucose been disassociated 
from their sciuree material that it is not generally realized that all dextrose 
or glucose is prepared from the simple hydrolysis of corn starch. The fact 
that the ingestion of corn starch and corn sngor (dextrose or glucose) causes 
allergic responses in coru-seusitivc individuals raises the possiliility that corn 
sugar might also act as an allergen when it is injected 

Of several patients, previously shown to be highly com sensitive, four 
were selected for this report. In each ease the diagnosis of corn sensitivity 
was made as a result of the experimental feeding of corn meal gruel and corn 
.sugar after four days of complete corn avoidance. Twenty-five cubic ecntl- 
meters of 5 per cent de.xtrosc were injected slowly intravenously under sterile 
and pyrogen-controlled conditions. In each case severe constitutional re- 
actions occurred w hich were clinicaily similar to those oliserved following the 
ingestion of corn sugar and corn mc.al. The control injection of invert sugar 
of cane origin failed to prodnee a similar response with the exception of one 
patient clinically sensitive to both corn and cane. Similarly, the control in- 
jection of normal saline was ivithout effect. 

The importance of these observations cannot be dismissed inasmueh .is 
corn sensitivity and wheat sensitivity arc of approximately cqu. 1 l oeeurrencc. 
ranking as the first two foods responsible for the production of chronic food 
allergy. , ... 

Clinical reactions from the jntvaveiious injection of corn sugar uecur both 
in undiagnosed and diagnosed cases of com sensitivity. Move violent reactions 
may be expected in the eoro-sensitive individuat who has avoided sources of 
corn in the diet, either intentionally or inadvertently, for several days prior 
to the intravenous administration of dextrose or glucose. 
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85. THE DETERMINATION OF THE BASAL METABOLISM BY 
PERIODIC SIANIMAL EXHALATIONS 

Henry W . Ryder, 5I.D., and Virginia M. Esselborn, M.D. (By Invitation) 

Cincinnati, Ohio 

Tile iiieasureinent of tlie basal nietabolisiii is subject to considerable varia- 
tion tlirough the natural inabilitj'^ of many subjects to breathe evenly. "We 
have investigated the possibility that tlie che.st position after a voluntarily 
forced exhalation might lie less variable than after a quiet expiration and 
therefore lead to a more reliable method of estimating the basal oxygen con- 
sumption. 

One hundred and fifty consecutive subjects of both sexes, ivith great di- 
versity in age, height, weight, intelligence, and illness, were studied clinically. 
Their oxygen consumption was measured by the test and standard methods. 
The test method was a modification of the standard in that every minute the 
subject was directed to force a maximal exhalation. The first sixt 3 ’--two sub- 
jects were tested both methods. For the second group of fifty-four sub- 
jects a third method ivas introduced, which modified the test method hy con- 
tinuing for twelve or fourteen minutes and hy including early in the test the 
performance of the maximal breathing capacity. The last group of thirty-four 
subjects performed the standard and test methods in duplicate. The order 
in which all tests were done in each series was determined from a prearranged 
schedule derived from a table of random numbers. 

The test procedure does not measurahB' affect the rate of oxj'gen con- 
sumption. It results in signifieantlj’- less variation between duplicates. It 
usually corrects for systematic or irregular deviations in the depth of undi- 
rected breathing that commonly lead to either an indeterminate conclusion or 
to a fallacious inference as to the true rate of oxygen consumption. The uni- 
formity of the end point of forced exhalation is unaffected by such factors 
as lung disease, congestive heart failure, dystlijn-oidism, lack of training, or 
low intelligence of the subject and is less affected hy consciousness of breath- 
ing than is the standard method. 

Therefore this simple modification of the standard method of measuring 
the basal metabolism allows the rate of oxygen consumption to he estimated 
in some subjects ■when the .standard method is unreliable, and in all subjects 
the estimate is usually significantly more precise. 


86. IDIOPATHIC DILATATION OP THE PULMONARY ARTERY 

Francis P, Ro.senbauj£, M.D., and Joseph P. Kuzjia, M.D. 

Milwaukee, ^YIS. 

luereased interest in the differential diagnosis of congenital heart dis- 
ease has attracted attention to an unusual disorder characterized by dilatation 
of the main pulmonaiy trunk with or vdthout dilatation of the pulmonOTj’’ 
arterial branches. This change in the pulmonarj^ artery is unaccompanied 
by any other structural cardiac or pulmonary disease. It is considered a con- 
genital eai’diovascnlar disorder but its etiologj' is undetermined. Loss than 
twentj’’ eases which are acceptable by relativelj" strict criteria have been re- 
ported, hut there is evidence to suggest that this anomaly is more common 
than has been assumed. 

Five examples of idiopathic dilatation of the pulmonary artery have been 
observed. In two of them the diagnosis was e-stalilishcd at autopsy and in 
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one of these the diagnosis tvas made ante niortem. This patient was observed 
over a period of ten yeai's. The dilated pulmonary arteries were demonstrated 
angiographically six months before her death. At that time the right, main 
pulmonary arterial branch was eoniplctcly oeclnded hy a calcified thrombus. 
The post-mortem e.vamination disclosed a pulmonary trunk which was aetaally 
considerably larger in diameter than the heart itself. The three additional 
patients are living, but the clinical picture seems compatible with the diagnosis 
in all respects. 

This disorder seems to predommatc in female subjects. It has been ob- 
served from childhood to old age. Dyspnea, cough, cyanosis, and hemoptysis 
are common symptoms, although the patient often has few complaints tintil 
late in his course, and the final illness may be very brief. The tolei-ance for 
exercise and pregnancy is usually surprisingly good. The major abnormalities 
disclosed hy physical examination arc a systolic murmur and a systolic pul- 
sation in the pulmonic area, aecentiialion of the pulmonie second sound, and, 
often a diastolic murmur along the upper left sternal margin. The abnormally 
dilated right outflow tract is easily visualized radiograpliieally as well as in 
angiocardiograms and abnormal pulsations of the pulmonary arteries are com- 
mon. The cleotroeardiograms usually show incomplete or complete right 
bundle branch block or evidenoe of right ventricular hypertrophy. Recent 
studies hy Cournand and associates have indicated that in these cases the 
systolic pre.ssure within the dilated pulmonary artery is not elevated and, in 
fact, is lower than itt the right ventricle. 


87, THE EFFECT OF AUREOJIYC'IN ON UROBILINOSEN 
FORJfATION AND THE FEOU. FLORA 

V. M. Sdorov, 5I.D. (By iNttT.moM), PiioEN'ixviLt.E, Pa., and A. R. Jav, Jt.D. 

(Bv I.vnTAVioN), A.vD C. -I. Watson, M D., hhNNE.vrous, Minn. 

The effect of aureomycin on urobilinogen fomiatioii has been studied in a 
series of fifteen patients. The amount of fecal urobilinogen was determined 
serially in seven of these, single dofcrmiiiations being made in the remainder. 
Bacteriologic studies of the fecc.s were carried out on eleven samples in four 
eases. In addition, the amount of urobilinogen in the bile obtained by duo- 
denal tube was determined in eight cases. 

These studies reveal that, following aureomycin, and concomitant with a 
great reduction or practical disappearance of coliform organisms in the feces, 
the urobilinogen of the feces, urine, and bile markedly diminishes, the valuc.s 
often falling into the range which characterizes complete biliary obstruction. 
The bile urobilinogen was entirely absent in seven of the eight instanees, only 
a trace being demonstrated in the cightb. This may be contrasted with the 
uniform presence of small amounts in fifty individuals not reeeiring aureo- 
myein. The Harrison test for bilirubin, applied to the feces, often became 
positive after aureomycin, but the amounts did not appear to correspond with 
the reduction in amount of urobilinogen. 

In a ease of subacute bacterial endocarditis in which urobilinogen studic.s 
were first carried out after one month of continuous aureomycin therapy, the 
feces contained very little bilirubin but gave a fairly intense Ebrlich reaction 
for ui-obilinogen. It was possible to demonstrate, however, that no sterco- 
bilinogen was present ; polarimetry revealed that the only urobilin represented 
ivas dextrorotatoi-y rather than Icvorotatory. It was believed significant that 
the bile was now Ehrlich negative, indicating that the fecal urobilinogen was 
not hepatie in origin. The feces at this time contained colon-aerogenos inter- 
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mediates but no typical E. coli. Nonproteolytie Clostridia were also present. 
This combination is of interest since Kammcrer and Miller, and, more recently, 
Banmgartel have ascribed the reduction of bilirubin in the colon to E. coli and 
spore-forming anaerobes. In the present study E. coli was regularly lacldng in 
the feces after aurcomjmin and it is evidently essential to the reduction of bili- 
rubin to stercobilinogen. It appears, however, that other organisms of aero- 
genes type are at times alile, perhaps in association with clostridia, to effect a 
partial reduction of bilirubin, either to mesoliilirubinogen or a dextrorotatory 
derivative thereof. 

These results strongly support the belief that the urobilinogens of the 
feces, bile, and urine are wholly enterogenous. In recent years Baumgartel 
and co-workers have described evidence suggesting that, of the two uro- 
bilinogens, mesobilirubinogen is hepatogenous, only stercobilinogen being en- 
terogenous. The present study reveals, however, that aureoraycin mai’kedly 
depresses the total urobilinogen formation and tliat under its influence uro- 
bilinogen completely disappears from the bile. These findings are incompatible 
with the hepatogenous concept unless one were to assume that aureomycin 
interferes with liver function, for wliieh there is no emdence. 


88. PAROXYSMAL iMYOHEMOGLOBINURIA WITH FATAL E.ENAL 

tubuijAr injury 

Frances E. Schaar, M.D., J. W. LaBree, M.D., and D. F. Gleason, M.D. 

Minneapolis, Minn. 

(Introduced by C. J. Wat.son, M.D.) 

A fatal case of paroxysmal myohemoglobinuria in a 23-year-old man is 
presented. 

The history was suggestive of a familial occurrence. Fifteen eases have 
been described in the literature, in three of which there was a history of 
familial incidence. 

Dcath"was due to renal insufficiency and pulmonaiy edema. The myo- 
hemoglobinuria, which had been observed for the first three days of observa- 
tion, disappeared six days befoi’e death, klyohemoglobinemia was carefully 
looked for but neimr demonstrated. 

In the present case, the myohemoglobin in the urine wms identified and 
distinguished from ordinary hemoglobin by virtue of its spectral distribution 
curve. Preliminary study of porphyrin metabolism revealed a moderate in- 
crease in fecal coproporphyrin, CO per cent of which was type III. 

Significant histologic changes were found in the striated muscles and 
kidneys. The uremia and subsequent death were the result of tubular in- 
jury, as indicated by the demonstration of hydropic degeneration of the_ prox- 
imal convoluted tubules. Although pigment casts were found, thej' did not 
appear to be sufficient in number to have been the cause of the uremia, as has 
been suggested by others. The finding of these casts supports the concept 
that the precipitation of pigment is more likely the result of disturbed renal 
function rather than the cause of it. 
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S9. THE CEINIOAE jVND LiVBOBATOBY EFFECTS OP HYPOTONIC 
INTRAVENOUS INFUSIONS 

John A. Lavne, M.D., P. R, Schkjim, M,D., John S. Gilson, M.D. 

(By Invitation), and MTlu.vm W. Hurst, M.D. (Bt Invitation) 

Great Palls, Mont. 

IVo have found hypotonic sohitions given by vein effective in furnishing 
water whenever the customary amounts of sodium chloride and dextrose pres- 
ent in standard isotonic solutions were undesirable or unnecessary. The use 
of hypotonic solutions has, in our experience, been attended with good clin- 
ical results and has peruiitted a more exact maintenance of water and elec- 
trolyte balance. Uypotonie solutions of dextrose and/or sodium chloride tvere 
first used in correcting disturbances of the extracellular fluid (pattern dis- 
turbances, volume losses, and plain-water deficits) in diabetes. Further ex- 
perience lias shown that these solutions are equally valuable in the more 
seriously ill patients who have a large antecedent plain-wafer deficit or who 
have a contittuiug cxee.ssivo demand tor plain water, P’or the most part we 
employed solutions of one-half isotonic .strength, and the three most commonly 
used solutions had the following eom)>ositiou; (1) 25 Gm. of dextrose per 
liter of distilled water; (2) 4.5 Gni of sodium chloride per liter; (3) 12.5 Gm. 
of dextrose and 2.25 (!m. of sodium chloride per liter. 

Thus far our clinical experience emliraccs more than fifty patients who 
have received hypotonic solutions in amounts varying from 1,000 to 6,000 o.o. 
in twenty-four hours over periods of from one to twenty -two days. 

Immediate observations on the blood were made in twenty-three patients 
after 1,000 c.o. of a liypotonie sointion had heen given ; twelve patients rc- 
coivccl 2.5 per cent dextrose and eleven received 0.45 per cent sodium chloride. 
The infu.sion was completed in periods of time varying from thirty to ninety 
minutes. Determinations of the plasma liemoglobin, total plasma protein, 
plasma specific gravity, hematocrit percentage, the number of erythrocytes, 
and the hemoglobin were made before the intravenous infusion was started, 
immediately after it was finished, and one hour after it was finished. As in 
earlier studies made after the prolonged use of large amounts of these solu- 
tions, but on blood drawn four to twelve hours after tho last intravenous in- 
fusion had been given, none of these immediate determination.s showed any 
CA'itlence of harmful degrees of ddution. A transient, slight fall in their 
values, shown in most of the determinations made immediately at the end of 
the intravenous infusion, was followed in the majority' bj' a tendency to rise 
toAvai'd the original levels at the end of one hour. The blood sliowccl no plasma 
hemoglobin except in two patients; in the one in whom the experiment rvas 
repeated with the same intravenous sointion, no plasma hemoglobin was found. 

90. STELTjATE block in THE MANAGEMENT OP NARCOLEPHY 
AND CATAPLEXY 

Robert W. Schneider, M.D, and IV. James Gard.ner, M.D. (Bv Invitation) 
CLEVEi^rSD, Ohio 

The effect ou narcolepsy of the injeetion of pi-oenine into the cervical 
sympathetic chains in fotu- patients with narcolepsy and cataplc.xy, one patient 
with narcolepsy, and one patient with hypersomnolcnce forms the basis of this 
report. Because of observations on alterations of cerebral function by tempo- 
rary interruption of symitathetie impulses to the brain, it was decided to ob- 
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serve the effect in narcolepsy. Associated sjnnptoms and signs in these six 
subjects have been reideived, and an attempt has been made to correlate these 
with the response to stellate blocks. Other common causes for excessive 
drowsiness were excluded by a number of laboratory procedures. An at- 
tempt was made to correlate the response of symptoms to stellate blocks and 
to the administration of Benzedrine and closelj' allied dnigs. 

The urinary excretion of gonadoli’ophie hormone (F.S.II.) prior to and 
following stellate blocks was studied whenever possible. An electroencephalo- 
gram tracing in one subject discloses a I'ciy abnormal deep sleep pattern prior 
to stellate block. Eepetition of the electroencephalogram in this same sub- 
ject after stellate block injection shoivs a distinct difference, Avith a tendency 
toAvard a more normal pattern. 

In general, patients Avith narcolepsy and cataplexy have their symptoms 
controlled for a period of time folloAA'ing stellate block injection, but the effect 
is more favorable upon the narcolepsy than upon the cataplexy. No change 
in urinary gonadotrophin excretion Avas seen to folloAV the procedure. 


91. A SYNDROME OP IPiTERTENSION, OBESITY, MENSTRUAL 
IRREGULARITIES, AND EVIDENCE OF ADRENAL 
CORTICAL IIYPERPUNCTION 

Henry A. Schroeder, M.D., Dean P. Davies, M.D., Pii.D. (By Inautation), 
AND Helen E. Clark, M.D. (By Inattation), St. Louis, Mo. 

TAventy-four Avomen suffering from arterial hypertension Avere found to 
possess certain common clinical and laboratory findings Avhich suggested that 
they belonged to a preAUOusly undescribed sj'mptom-complex. These Avere; 
(1) relatively sudden onset of obesity occurring at menarche, menopause, after 
multiple pregnancies or gynecologic operation; (2) obesity of the “central 
type,” AAith pale striae on thighs and sometimes on upper arms; (3) menstrual 
irregularities; (4) good or excellent therapeutic response of lilood pressure 
leAmls to diets Ioav in salt, Avith reversals Avhen the intake of salt AAms raised ; 
(5) abnormally Ioav concentrations of sodium and chloride in sweat. See- 
ondarj’- and less common signs and sj-^mptoms included an aversion to salty 
foods and high fluid intakes, unexplained periods of oliguria, inconstant glyco- 
suria or a diabetic type of glucose tolerance cui'a'c Avhich Avas accompanied 
usually by increased sensitWity of the blood sugar IcA-els to intraA'enously in- 
jected insulin, plasma chloride IcA’els aboA’e or at upper limits of normal, 
hirsutism, a tendency to easy bruising and ecchymoses, a relatNely benign type 
of hypertension Avith little albuminuria or other signs of renal damage, and 
sensitivity of the blood pressure to injected desoxycorticosterone acetate or 
glucoside. In no instance Avere the cardinal manifestations of Cushing’s syn- 
drome present. Because these symptoms, signs, and findings Avere seen rarely 
in other tjqies of hypertension and because concentrations of sodium chloride 
in SAveat Avere normal in most subjects, including obese nonhypertensive 
women, it is believed that these patients represent a separate pathogenetic en- 
tity. The evidence is strongly suggestive that certain functions of the adi’enal 
cortex are specifically disturbed in these patients, but not in other forms of 
hypertension or obesity. 
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92. A LONG-TERM EVALUATION OF THE THERAPY OP 
PERNICIOUS ANEJIIA IVITII FOLIC ACID 

Stevex 0. Scii\r.\iiTZ, M.D , Siiekm.vx R. KipoAX, M,D, (By iNriTAUON)) 
AND Berthe ARn,<;TKo.V(i, M.D. (By Ixmt.vtiox), CincAOO, Iee. 

Polio acid (iiteroylfilutnmic acid) Avas introchieed in 1945 as a specific 
therapeutic agent for * ’liver extract prineipie”^ deficiency diseases. Numerous 
short-term ohsorYalinns quieklj- eonfinued its value. Because the natural his- 
tory of pernicious anemia is ehnraetcrizcd hy c.xaccrbations and remissions, it 
was felt that long-term studies were necessary in order to critically evaluate 
any now thcrapcul ie agent 

Early in 1946, niuety-cisht patients tvith pernicious auemia were seleeted for 
such a stud.v from the Out-patient Anemia Clinic of the Cook County Hospital. 
Their course, liver extract mpiirenionts, neurological status, and other character- 
istics Avere avcII estiihlishcd, the patients haA'ing been foUoAved by the same 
group of obsevvci’s and maintained in remmioiA Avith liver extract for periods 
ranging from months to years. Polio acid Avas administered orally, in a daily 
dose of 5 milligrams. The patients Avore .seen at four-Aveck interA-als for intcr- 
A'iCAVs and neurological and hematologic examinations. 

The present report summarizes the ohseevatiou made during the three 
and a half yeans the study has been in progress There liaA-e been thirty-one 
neurological and thirty hematologic relapses, Avith eight patients shoAA’ing a 
combination of both In three patients the folic acid tvas diseontimted be- 
cause of persistent weight loss and/or soreness of the mouth. Tw'enty-nine 
patients disoontimied their therapy for reasons beyond our control. Most of 
these patients disappeared from observation, many. hoAVOver, only after in- 
sisting that they felt better Avliile on parenteral liver therapy Avhioh they 
Avished resumed. Of the ninety-eight patients only thirteen have been able to 
remain on eontinuons oral folic aerd therapy and maintain themselves in re- 
mission. 

AVithout e.xeeption. every heinntologie relapse Avas quickly rcvcr.scd with 
a change to parenteral liver tliorapy. In fourteen patients Avith neurological 
relapse. liOAvever, the changes have not been swersible in .spite of intensive 
therapy with liver extract for six months on more. Bone marroAA’ aspira- 
tions Averc performed in five i>aticnts at the time of relapse. Megaloblastic 
changes Avere dcmonstralilc in all inslaiice.s 

The original plan envisioned an atlemiit to increase the dose of folic acid 
in those patients who shoAved evidences of relapse, but the impression (gained 
from the current reports of the time) that larger doses of folic acid precipi- 
tated neurological relajise.s faster than .small doses deterred us. 


93. HEMOPOIETIC (TDVNGES DURING CHLOROMYCETIN 
.VDJtlNISTRATION 

Italo P. A'^olini, M.D., Stcvex O. Schavaktz, M.D., Invixo Greexspax, M.D. 
(Bv Invitatiox), Lee Eiirucii, 5I.D. (Bv Ixatt.atiox), James A. Gos-xer, Jt.D. 

(Bv INATTATIOX), AXIA OSC.AR PeISKXFELD, M.D. (Bv IXVIT.ATIOX) 

Cnic.vao, Ii.u 

Toxic manifestations of oral administration of ehloromyeetiu have not 
been reported. Recently avc liavc obsci’A'ed three patients in Avhom liematologic 
abnormalities n crc encountered during cliloromycctin therapy. 
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Two patients with t3rphoi_d feA'-er and one Avith acute brucellosis were 
treated Avitli oral chloromj’cetin for periods ranging from nine to nineteen 
days. ^ The total dose of ehlorom3’-cetin ranged from 30 to 60 6m. and Avas 
giA'-en in a uniform dose of 3 6m. per day (0.5 6m. cA^eiy four hours). 

A significant fall in the Avhite blood cell count, attributable to the diminu- 
lion in the number of granulocytes, could be demonstrated as earl3' as the sixth 
day of therap3L White cell counts as Ioav as 3,000 and absolute neutrophil 
counts of 264 Avere obsei'Amd. No significant changes in the total number of 
l3Tnphoc3des Avere demonstrated. A slight drop Avas seen in the red cell count 
and the hemoglobin. In one instance this drop aalis out of proportion to a fall 
ascribable to the underl3'ing infection. 

The marroAY aalis studied in all patients. In the first, a marked gran- 
ulopenia and left shift in eiythropoiesis Avere present on the elcA^enth day of 
therapy. In the second patient the marroAr Avas studied three and thirteen 
da3AS after the discontinuance of the Chloromycetin. On the third da3’' a left 
shift in gi'anulopoiesis as aa'cII as eiythropoiesis AA’as seen, Avith an increase in 
eosinophils. By the thirteenth da3' the left shift had disappeared in both series 
and evidences of marked regeneration accompanied 1)3'- an extraordinary 
eosinophilia Avcre seen. In the third patient, the marroAv Avas studied at the 
beginning of therap3'" and revealed the changes expected Avith, infection. 
Eleven da3's later (tAvo days after discontinuance of therapy) granulopoiesis 
had mai'kedl3'' diminished and a left shift had occurred in cr3’'thropoiesis. 

Upon the discontinuance of the chloromyeetin there Avas an immediate 
spontaneous reversal of the doAvinvard trend in the blood values. 

In the three patients studied there is evidence that Avithin a fcAV days 
chlorom3'cetin produces a marroAv h3’poplasia more marked in the granulo- 
cyte series but also involving a maturation arrest of erythroid elements. 
The peripheral lilood simpl3’ reflects the more fundamental changes in the 
marroAV. In the therapeutic doses emplo3'ed in the present series the marroAv 
alterations are reversilile. 

Both clinical and experimental studies are in progress to A'erify and ex- 
tend these findings. 


f)4. EXPERIMENTAL SYPHILIS IN THE RABBIT: THE 
RELATIONSHIP OF METACHROMASIA TO FIBRINOID 
DE6ENERATI0N OF COLLAOEN AND THE LOCALIZATION 
OF SPIROCHETES IN THE TESTIS 

Virgil Scott, M.D. (By Inautation), and 6ustave J. Damsiin, M.D, 

St. Louis, Mo. 

Since the earliest studies of experimental S 3 'philitic orchitis there has been 
recognized, as a characteristic feature of the inflammatory reaction in the testic- 
ular stroma, the deposition of a relatively acellular, loosely constructed ma- 
terial resembling Wharton’s jelty. The term “mucous (or mucoid) degen- 
eration’’ of the connective tissue has been applied to this change. The ma- 
terial stains metaehromaticall 3 ’' and has been found in greatest abundance in 
the tunica albuginea, particularl3" around blood Amssels. 

We have confirmed the preceding observations in a study of syphilitic 
orchitis in the rabbit using the Nichols’ strain of T. pallidum. In addition, 
AA'e have found that previous incubation of the sectioned tissue in hyaluronidase 
(Schering) abolishes the capaeit 3 ’- for metachromatic staining AAuth thionin 
and Avith toluidine blue. No mctachromasia is found in the stroma of the nor- 
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mai testis. Poeal fibrinoid de^jeneration of collagen has been observed in the 
raetachromatic areas and tlie highest eoneentration of apiroehetes has been 
noted in and around these sites. 

It may be concluded that the loosely coirstructed, relatively acellular 
material which appears in large amounts in the stroma of tlie syphilitic rabbit 
testis and which stains metachromatically contains hyaluronic acid or a closely 
related substance. It would appear that the sites of localization of the meta- 
chromatically staining material, the fibrinoid degeneration of collagen, and the 
highest concentrations of spirochetes are intimately related spatially, A 
sequential study of syphilitic orchitis in the rabbit is now in progress to in- 
vestigate the possible causal or temporal relationships between the multiplica- 
tion of spirochetes, the development of metnchroniasia. and the appearance of 
fibrinoid degeneration of collagen. 


95. CONTINirOrs DfCUMAROL PROPIIVLAXIR IN COROXARr 
DISEASE 

Thorkton Scott, IVI.D , Eexinotox, ICy. 

It seemed reasonable to suppose that an agent which would prolong co- 
agulation time and liavo a deterrent etfect on blood sludging might be of 
value in preventing thrombosis in chronic arterial disease. Accordingly, 
twenty-one patients Iiavc been given Dicumarol continuously for periods of 
three weeks to three yoai-s. Of those, eighteen had clinical and eleetroeardio- 
graphic evidence of coronary thrombosis with myocardial infarction, two had 
coronary’ sclerosis "wfith angina of effort, and one had cerebral thi’ombosis with 
left hemiparesis. 

After initial stabilization, prothrombin times were determined weekly by 
Quick's method, and Dicumarol was prescribed in daily doses sufficient to 
maintain prothrombin time between two and two and a half times nownal con- 
trol values. Individual requirement varied from 50 mg. every other day to 
150 mg. daily. 

Five patients showing marked sensitivity to Dicumarol and unable to take 
as much as 50 mg. daily without aJai'ming fiuctnatiojj in prothrombin time 
were given menadione bisulfite, 2 mg. daily. These showed increase in tol- 
erance, and prothrombin times thereafter were more readily controlled. 

All patients were advised of the risks im'olvcd and instructed in the symp- 
toms and signs of overdosage. 

No disastrous toxic effects have been enco\intcred. Transient hematuria 
occurred in three patients ; rectal bleeding from hemorrhoids which had bled 
prior to therapy occurred in one patient; cutaneous ccchymoses occurred in 
three patients; epistaxis occurred in one patient. One man with previous 
history of bleeding duodenal ulcer bled following extraordinary dietary in- 
discretion although his prothrombin time was within tiie desired range. The 
dnig was discontinued and coronarj- thrombosis recurred within ten day.*?. 
Dicumarol was then resumed and he has been well and at work for the past 
ten months. 

There have been no deaths in the .series. Chest pain reeiiiTed in two 
patients when the drag was discontinued hecausc of toxic effect and ceased 
wimn Dicumarol was resumed. Anginal attacks have censed entirely in eight 
patients and have been markedly reduced in frequency and severity in two. 
All of the patients have resumed their former activities. 

Electrocardiograms in five casc.s have shown a striking reversion toward 
normal. 



1750 


CENTRAL SOCIETY FOB CLINICAL RESEARCH 


It is surprising and worthy of note that all patients have followed in- 
structions carefully and have expressed the desire to continue under treat- 
ment indefinitely in spite of the inconvenience involved. 

Results seem to indicate that continuous and controlled Dicumarol ther- 
apy is practicable and may influence favorably the course of disease of the 
coronary arteries. 


96. THE USE OF ORAL MBRCUIiyORIN COjMBINED TOTH 
ASCORBIC ACID IN CARDIAC DECOMPENSATION 

Carl F. Shaffer, M.D. (By Invitation), and Don W. Chapman, M.D. 

Houston, Texas 

The effect of the oral administration of a tablet containing 60 mg. of an 
inorganic mercurial compound (jMercuhydrin), equivalent to 19.5 mg. of mer- 
cury, and combined witli 100 mg. of ascorbic acid has been studied in one 
hundred patients vdth congestive lieart failure. The patients’ ages ranged 
from 12 to 60 jmars and the congestive failure Avas due to vahmlar, hyper- 
tensive, or arteriosclerotic heart disease. From one to three tablets Avere 
administered daily. 

These tablets Avere equally effeetiAm as one containing 120 mg. of Jlex’cu- 
hj^drin alone. They Avero satisfactory in controlling mild congestive failure 
in approximately one-third of the patients AA'hen used as a primaiy treatment. 
They Avere effective in controlling mild to moderate congestive failure in ap- 
proximatelj’’ tivo-thirds of the patients after maximum compensation had been 
obtained foiloAving injectable Mercuhydrin. They Avere usually ineffective 
in controlling severe failure Avhen used alone, but frequently of value udien 
used as a supplement to injections. Toxicity, Avhen it occurred, Avas mild and 
transient in the large majority of instances. 

The studies indicated that the tablets may be used either alone or as a 
supplement to parenteral therapy to assist in the control of congestive heart 
failure. 


97. SMALL BOWEL CHANGES IN AMEBIASIS 

W. H. Shlaes, M.D. (By Invitation), F. Steigaiann, M.D., and 
Erna Leaahn-Arendt, M.D. (By Inautation), Chicago, III. 

FolloAving an attack of amebiasis, manj' patients manifest a mnltiphcity of 
abdominal symptoms Aidiich, though nondescript and not too severe, freqiiently 
make them gastrointestinal problems. The frequent finding on cytologic ex- 
amination of the stool of epithelial cells originating from the small hoAvel sug- 
gested the latter as the possible site of “lesions” leading to the mentioned 
symptoms. Hence, all patients with chronic amebiasis had x-ray films made 
of both the small and the large boAvel for possible pathologic changes. 

Of sixty patients Avith chronic amebiasis thus examined, tAventy-seven 
shoAved changes from the normal in the small hoAvel, partieularlj^ the terminal 
ileum. These changes are not seen as a rule in ulcerative colitis, sprue, and 
various nutiitional deficiencies. 

Spasm and edema of the terminal ilenm are the changes most often noted. 
More characteristic, lioAvever, are the edematous folds of the terminal ileum 
Avhich sometimes made the terminal ileum appear almost as Avide as the colon. 



PROCEEDINGS OF TWENTY-SECOND ANNUAL MEETING 


1751 


The nonsiiecific chnngcs of segmentation and pooling as scon in sprue or 
the ulcerated iiivolvcineiit of the terminal ileum as seen in ulcerative colitis 
were not observed in these ])atients. The motility of the small bowel appeared 
undisturbed. 

The patients domoiistratiiig the deseribed changes in the terminal ileum 
were in general more difficult to manage elinieally, especially with regard to 
control of the cramping abdominal pain. 


98. Pin^SIOLOGIC AND PIURMACOLOGIC STITDIES IN A CASE 
OF PIIEOfllROMOCYTOlMA 

Alvin P. Shapiro, M.D. (By Invitation), Harrison M. Baker, JI.D. 

(By Invitation), Murray S. Hoffman, M.D. (By Inittation), 

AND Euoene B. Ferris, M D., Cincinnati, Ohio 

A case of phcoehiomocytoma, subsenuently proved at operation and at 
autopsy, allowed us the opportunity to compare in a single patient the physi- 
ologic and pharmacologic specificity of a number of suggested diagnostic 
procedures. The patient, a Avoman Avith persistent hypertension for appro.N- 
imately one year, preceded b.v at least thrci! .years of paroxysmal hypertension, 
had a blood pressure which ranged from '21.5/ll(l to 250/155 ram. Hg. 

Benzodioxane (933F) produced an immediate fall in pressure to normo- 
tensive levels. Dibcnaniinc produced a similar fall. Avhich Avas sloAvcr in onset 
and persisted longer. Tetracthylammonium chloride (TEAC) produced a 
sharp rise in pressure with failure to return to initial levels for some time; 
this rise Avns shoAvn to bo abolished by benzodioxane. Diminished sensitivity 
to the pressor activity of intravenous adrenalin Avas demonstrated. Histamine 
ami mcoholyl each caused a fall in prcs.sure, the rise reported to bo oharac- 
teristie of pheoehromoeytoma being alisent. 

The results bear out the specificity of benzodioxane and Dibenamine in 
countcraoting the pressor activity of circulating epinephrine. Response to 
benzodioxane seems more specific, however, because no depressor ciTects have 
been encountered in a scries of control hypertensive sub, loots, Avhoreas such 
reactions do occur Avith Dibenamine. Diminished sensitivity to exogenous 
adrenalin Avould also appear to have specific meaning in that tolerance to the 
effect of this drug appears to develop Avlicn it is present in the circulation in 
large amounts. The pressor response to TEAC would appear humoral in na- 
ture, specifically adrenergic in this instance since it Avas abolished by benzo- 
dioxanc. The iaclc of a pressor i-csponsc in this case to cither histamine or 
mccholyl suggests that these tests arc not specific for diagnosis. 

The results suggest the specificity of benzodioxane in the diagnosis of 
pheoehromoeytoma, Avhen the pressure is elevated, and the desirability of 
evaluating the mechanisms of pressor responses to histamine, TEAC, or other 
stimuli by administration of benzodioxane. 

99. HEART BLOCK FOLLOAVINO MEDULLARY PERFUSION AVITH 
BACTERIAL TOXINS 

John A. Sheedv, M.D. (By Invitation), and N. C. Gilbert, M.D. 

Chicago, III. 

The role of bacterial and viral agents in the production of heart block 
has been known for many years. Of particular interest has been the oceiu'- 
rence of bradycardia and heart block folloAA-ing acute bacterial infections, es- 
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pecially in the case of diphtheria. The question of ■whether myocardial dam- 
age per se or increased vagal tone or a combination of both is responsible has 
remained to conjecture, with the preponderance of opinion in support of 
cardiac damage. No adequately controlled experimental evidence has thus 
far been presented to note the effect of increased vagal tone in the patho- 
genesis of heart block. 

Six commerciallj’' produced bacterial toxins were employed in this study, 
namely ; G. divhthcriac, Staph, mireiis, Str. hcmolyticxis, Gl. tciani, Gl. xoelchii, 
and Gl. hotuUnum. These toxins were perfused through the turtle brain which 
was connected with the body of the animal only bj’' means of the vagus nerves. 

Heartbloek was produced with all of the toxins. The blocks produced by 
G. diphtheriac, Gl. wclchii, and Gl. hohilimim could be released by atropine. 
These results suggest an acetylcholine-like mechanism. The remaining tox- 
ins were not affected by atropine and the mechanism for their action is un- 
known. 


100. THE TAKATA-ARA REACTION IN THE DIFFERENTIAL 
DIAGNOSIS OF JAUNDICE 

B. Shulsian, M.D. (By Invitation), F. Steig.mann, M.D., H. Popper, M.D., 
AND E. Ste-vens, M.D. (By lN'\nTATioN), Chicago, III. 

In the work-up of jaundiced patients the Takata-Ara reaction (TAB) 
seemed of diagnostic help in certain types of jaundice ; hence, an attempt was 
made to re-evaluate the differential diagnostic significance of the TAB on 
the basis of recent classification of hepatobiliary diseases. 

The TAB was performed in 356 cases and compared with the results of 
cephalin-cholesterol flocculation, thymol turbidity, and zinc sulfate turbidity 
tests. The percentage of positive TAR’s in tlie different types of hepatobiliary 
disease were as follows: Laennee’s nonfatty cirrhosis, 87.8; fatty cirrhosis, 
35.5; postnecrotic (nonalcoholic) cirrhosis, 100; infections viral hepatitis, 
10.7; homologous serum hepatitis (HSH), 68.0; toxic hepatitis, 27.6; ob- 
stnictive jaundice (incomplete, benign), 2.0; and obstructive jaundice (com- 
plete, malignant), 20.0. 

The TAB may therefore assist not only in differentiating a cirrhosis with 
jaundice from an acute hepatitis but also from an infectious hepatitis. The 
TAB is not related to the degree of icterus, and the high incidence of ab- 
normal TAR ’s in HSH is therefore not an expression of the well-known greater 
severity of the latter. 

Moreover, no iiarallelism was found between the TAR and the cephalin- 
flocculation and thymol turbidity tests. A moderate parallelism existed be- 
tween the TAR and the zinc sulfate turbidity, except in infectious hepatitis 
where the latter is moderately elevated* and the TAR is negative; in toxic 
hepatitis this exception is less marked. 

A discrepancy between the TAR and the zinc sulfate turbidity is also ap- 
parent during the recovery phase of hepatitis when the zinc sulfate turbidity 
increases while the TAR (if positive) becomes negative. While, in recovering 
hepatitis, a rise in the zinc sulfate turbidity and a fall in the cephalin-floccula- 
tion and thymol turbidity occurs, a rise in the TAR in addition (or the 
maintenance of a positive TAR) speaks for the transition from hepatitis to 
cirrhosis. Similarly, the appearance of positive TAB in a fatty cirrhosis seems 
to indicate progression to a Laennec’s nonfatty cirrhosis. 

The TAB may indicate certain phenomena not demonstrable by the other 

flocculation tests. 
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101. A STUDY OF THE MOVEMENTS AND SOUNDS OP HEART 
VALVES OP VARIOUS LABORATORY ANIMALS (A MOTION 
PICTURE AND SOUND RECORDING) 

IXakrv L. Smith, M,D., HfRAsr E. Essen, Ph.D (By ImiTATtoN), and 
Edward J. Baldes, Pir.D. (By Inattation), Rochester, Minn. 

The hearts of various laboratory animals were perfused with oxygenated 
Rmgoi'-Loohe solution an«l were kept beating for various lengtlis of time. 
Rather lai’ge openings woit made in the walls of the auricles. This afforded 
an excellent view of tlie entire valves. Colored motion pictiires were made of 
the exact movements of the miti'al, tricuspid, aortic, and pulmonic valves. A 
.sound record, an electric record of the sound, and an electrocardiogram wei’e 
made at the same time the motion picture "was made. These records enable 
one to see the movomcnt.s of the heart valves, to hear the sounds they produce, 
to sec an electric record of the sounds, and to see an electrocardiogram 
recorded at the same time. The results of this study furnish information that 
we believe will change some of our previou-s ideas about the factors that cause 
the mitral and tricuspid valves to open and close. 


102. cardiodynamio and renal changes in spontaneous 

AND NEPHROGENIC mTERTENSIVE DOGS IN RESPONSE 
TO TISSUE INJURY 

J. Stamler, M.D. (By Invitation), S. Rodbard, Pn.D. (By Invitation), 

L. N. Katz, SI.D., .and A. P. Fishman, I^LD. (By Inmtation) 

Chicago, III. 

Tissue injury, particularly abscess, pi’oduees a sustained fall in blood 
pressure in some spontaneous and nephrogenic hypertensive dogs. This study 
was undertaken to investigate the cardiodynamic and renal alterations ensu- 
ing during thi.s depressor response. 

The following determinations were done before and after various types 
of tissue injury: (1) renal plasma flow (R.P.P.), (2) glomerular filtration 
rate (G.F.R.), (3) plasma volume, (4) thiocyanate space, (5) central venous, 
right atrial, right ventricular, and pulmonary artery pressures, (G) blood 
pressure. 

It is concluded from the data that: (1) Spontaneous and nephrogemc 
Iiypei'tensivc dogs exhibit tlic same hcmodjmamic pattern. The cardiac oitt- 
put, plasma volume, thiocyanate space, and pulmonary artery pressure are 
all within normal ranges. Both types of hyperten-sion are due to an increase 
in peripheral resistance. (2) Spontaneous hypertensive dogs all have normal 
G.F.R. and R.P.P. In contrast, some nephrogenic hypertensive dogs have 
normal clearances; others exhibit significantly’ reduced kidney function. 
(3) A sustained blood pressure fall can be readily elicited by injection of ab- 
scess-inducing substances such as turpentine, indicating that the depressor 
response is a nonspecific one with respect to presumed renal hypertensive 
mechanisms. (4) Accompanying the sastained depressor i*esponse in both 
nephrogemc and spontaneous hypertensive dogs is a sustained increase in 
R.P.P. G.F.R. does not ehaugc significantly. Renal vascular resistance, par- 
ticularly efferent artcnolnr, is reduced. (5) The plasma vohnne, thiocyanate 
space, venous pressure, and right heart pressures arc not alteetcd by tissue 
injury. The blood pressure fall is not due to Ijypovolcmia. (G) The cardiac 
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output is increased during the depressor response to injury. The fall in blood 
pressure is therefore due to a decreased peripheral resistance. Apparently 
the decrease in both renal and general peripheral resistance is the resultant of 
a common train of events elicited by injury. There is no evidence for a cause 
and effect relationship between them. The blood pressure fall following in- 
jury cannot be attributed to "relief of renal ischemia.” 


103. CLINICAL EVALUATION OF A NEW LIPASE PREPARATION 

M. II. Streicher, M.D., Verna Pittard (By Invitation), and Betty Woodson 
(By Invitation), Chicago, III. 

Many agents are available which have the property of digesting fat, yet 
there is a need for one which would be capable of hydrolyzing a wider variety 
of lipids. 

It was thought, on the basis of experimental evidence in animals, that 
lipase A may be helpful in individuals who display an inability to adequately 
digest all forms of food fat. The new preparation is an enzyme, protein in 
nature, produced dining the growth of a certain tj'pe of juold (fungus). 

In this study lipase A was used in patients having steatorrhea. Control 
studies also were made. Each capsule contained 0.4 Gm. of the enzjone and 
each patient was given twenty -four capsules daily. 

These individuals were placed on a calculated diet of low fat (50 Gm. in 
twenty-four hours) and evaluated clinically and chemically before and after 
lipase was given. The chemical determinations were made on the nitrogen, on 
the total and neutral fat and fatty acids of the stool ; tlie blood was studied as 
to content of lipase, calcium, nonprotein nitrogen, and total protein, and the 
urine was studied as to total output of nitrogen. These determinations were 
made before and after the fat content was changed in the diet. 

Comparative study was also made with the use of panereatin in the same 
group of patients. 

A specific example will demonstrate the efficacy of the new enzyme. 

A patient with carcinoma of the pancreas was placed on a 55 Gm. fat 
diet plus adequate protein and carboh 3 ^drate. The total fat calculated in the 
stool before lipase A was administered was 57.0 per cent (diy method). After 
three capsules of lipase A were given per daj’^ for a period of three weeks, 
the total fat in the stool was reduced to 42.0 per cent. After the diet was in- 
creased to 152 Gm. fat, the stool fat was elevated to 73.0 per cent. The ad- 
ministration of twelve to twenty-four capsules of lipase decreased the total 
fat in the stool to 53 per cent and 40 per cent respectively. 

Clinically, the patient improved, the stools decreased in number and be- 
came more solid, and the cramping in the abdomen subsided. In general, the 
patient ate better and felt better. 

Conclusion: (1) Lipase A is helpful in steatorrhea. (2) Large quantities 
of the enzjmie are required for optimum results. (3) Panereatin compares 
favorablj’^ with results obtained with lipase A. 
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104. ANGrOCABDIOORAPICV 

Geoeqe C. Sutton, M.D., Oeobge Wendell, JI.D., Harrv Gk.vnt, JI.D,, and 
II. iKOLD AVedell, Jt.D., Chicago, III. 

(Iktroduced by Dox C. Sutton, 3I.D.) 

A comparison is made between angioeardiography by arm Tcin and direct 
catlieterkation of the he, art. 

Direct intvaeardiac angiocardiography is a procedure possessing few ditfi- 
eiiities and of negligible risk. The procedure will give contrast visualization 
of the heart and great vessels ivhich is routinelj' superior to that obtained by 
peripheral injection of a radio-opaque material. This is especially true for 
levoangiocardiograms. Simple, Inexpensive equipment for changing the films 
and low’ power x-ray apparatus are nioi'c practical for use with intraeardiac 
injection, without loss of a vciy high percentage of diagnostic films. In some 
cases demanding a high concentration of contrast media .and accur.ate timing 
of exposures, only intraeardiac injection will produce satisfactory angio- 
cardiograms, 

105. DmSION OP THE POPLITEAL A'EIN IN A'ALA'ULAR 
INSXIPPICIENCY OP THE DEEP A^ENOUS SYSTEM 
OP THE LOAVER EXTREMITIES 

Ge2,\ de Takats, M.D., and Gustav W, Geaupner, M.D, (Bv iNniAlioN) 
Chicago, III. 

From a large mtmber of patients exhibiting valvular incompetence of the 
deep veins, six patients have been selected to test the possibility that the di- 
vision of the popliteal vein overcomes the “bursting” tj-pe of pain on stand- 
ing and decreases or eliminates postural edema. All patients have had a deep 
thrombophlebitis with reeanalization, subsequent edema, induration, and 
ulceration. All have been under our care for several years and were treated 
by compression bandages, excision of ulcers, skin grafts, or saphenous rein 
ligation, in spite of which there were reenrrenees. Since prcviotis experience 
with femoral vein ligations gave no appreciable help, division at this site was 
done Avith the following results: (1) all six patients lost their “bursting” 
pain on standing, (2) swelling wa.s greatly decreased or completely abolished 
in eveiy instance, (3) patches of rceniTcnt lymphedema with ulceration were 
uninfluenecd, this compUeation requiring other forms of therapy. This simple 
procedure may eliminate the incapacitating sequelae of postphlebitie edema in 
selected eases. 


lOG. QUANTITATIA^E STUDIES OP TREATMENT OF ACUTE CLOSED 
CEREBRAL INJURY BY HA'PERTONIC INTRAA^ENOIIS 
GLUCOSE OR SURGICAL DECOMPRESSION 

C. Bruce Taylor, M.D,, and George M. Hass, M.D., Chicago, III. 

Acute, closed, intracerebral lesions characterized by hemorrhage, necrosis, 
and progres,sive edema were produced in rabbits by freezing the brain through 
the intact skull with an instrument cooled by expanding carbon dioxide. The 
dimensions and locations of cerebral lesions were controlled so that they could 
be reproduced in successive animals. 
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19.5 per cent in 1943-44, and 18.6 in 1944-45. In 1945-46 and 1946-47 penicillin 
was used for treatment if there was no response to sulfonamide, or if sulfon- 
amide drugs were contraindicated. Penicillin was used exclusively for treat- 
ment in 1947-48 and 1948-49. Mortality was 9.7 per cent in 1947-48, and in 
1948-49, when aqueous crystalline penicillin in doses of 200,000 or 300,000 
units was given intramuscularly twice on the first day of treatment and once 
daily thereafter, mortalitj’" Avas 5.7 per cent. 

Pneumococcus bacteremia Avas found in 12.9 per cent of the cases in 
1940-41, and in 49.5 per cent of the eases in 1947-48. In the remaining years 
bacteremia AAms found in 16.4 to 31.8 per cent of the cases. 

Empyema, meningitis, endocarditis, lung abscess, or pyarthrosis occurred 
in 13.2 per cent of the cases in 1937-38, and in 3.8 per cent of the cases in 1940- 
41. In the remaining years these complications occurred in 4.6 to 10.7 per cent 
of the cases. 

Apparently penicillin therapj’- has reduced mortality, and the unchanged 
frequency of bacteremia and purulent complications results from the onset 
of these manifestations before the start of treatment. 


109. CONTROL COMPARISON OF NU-2206 (S-HYDROXY-N-MBTHYL- 

MORPHINAN HTOROBROMIDE) WITH MORPHINE SULFATE 
FOR RELIEF OF POSTOPERATIVE PAIN 

R. T. Tidrick, M.D., L. L. Eager, M.D. (By Invitation), D. W. Eastwood, M.D. 

(By Invitation), D. S. Wilkins, M.D. (By Inautation), and 
R. S. Jaggard, B.A. (By Inautation), Iowa City, Ioaalv 

In an earlier investigation of the analgesic properties of NU-2206 (3-hy- 
droxy-N-methyhnorphinan hydrobromide) the effect of this agent on the pain 
threshold in normal volunteer student subjects Avas determined. There fol- 
loAved a clinical trial to determine its effect in a variety of patient categories. 
It Avas found to have desirable analgesic properties Avith an apparently more 
prolonged effect than that of morphine sulfate in equhmlent dosage ranges. 
It Avas found that the dosage range was from 3 to 6 mg. as compared Avith 10 
to 15 mg. of morphine. ' The side effects did not appear to be severe or fre- 
quent. A limited study Avas made on a small number of patients Avho had re- 
ceded the drug over a prolonged period of time, and no Avithdrawal symp- 
toms Avere observed. 

Its prolonged analgesic effect appeared beneficial in those patients Avho 
required protracted relief and in whom frequent injections Avith shorter-acting 
analgesics Avere undesirable. Controlled study then Avas undertaken on Avard 
patients undergoing surgical procedures on the General Surgical and Uro- 
logical services. Those under the age of five years or in such condition as to 
be outside the preselected dosage range Avere excluded. Patients having intra- 
cranial surgical procedures also Avere omitted. They were dmded into fifteen 
operation categories so that subsequent statistical evaluation as to the amount 
of pain associated Avith various types of operative procedures could be com- 
pared. In each operation category alternate patients Avere given NU-220G 
or morphine sulfate. The medications Avere so dispensed as to preclude 
identification except by code letter. 

The nursing staff Avas instructed to give 1 c.c. for each patient or % c.e. 
for each patient. One cubic centimeter contained either 5 mg. of NU-2206 or 
10 mg. of morphine sulfate. The drugs Avere administered by the nursing staff 
to be given as required for the relief of pain not more frequently than eA^ery 
three hours. A special form Avas proAuded listing seven common complications 
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ordinarily seen iu conjunction rritb. the use of analgesic drags. The nurses’ 
observations were checked closely by the same member of the staff each day. 

It appears, after studying 40G patients by this method, that analgesic 
drags are not needed in slightly more than one-third of the instances. A dif- 
foronoo in duration of action of NU-2206 and morphine sulfate was not dem- 
onstrated. NXJ-2206 is as eftcetive an analgesic agent as morphine, with no 
demonstrable increase in side actions. 


110. SPONTANEOUS RUPTURE OP THE HEART FOLLOWING ACUTE 
MYOCARDIAL INFARCTION 

George C. TmtuiiULL, M.D,, anb D.vvib A. Howell, M.D, {By Invitation) 
Evanston, III. 

Cardiac rupture occurred in eight patients (7.2 per cent) of a series of 
111 instances of acute myocardial infarction in patients who had been ob- 
served in the Evanston Hospital and came to autopsy during the past six 
years. 

The eight patients were all of the white race. Their ages ranged from 51 
to 86 years, averaging 68, and they were equally divided in se.v. Half of the 
group denied prior angina, three had experienced pains from one to four 
months, and one who died within two days after onset of illness gave no his- 
toiy of anginal pain or hypertension and had considered henself in c.xoclicnt 
health. However, there was evidence of old infarction in four of these pa- 
tients. 

Hypertension persisted after the onset of clinical myocardial infarction in 
all but one of these patients, and he belonged in the group of four who gave 
no prior history of hypertensive disease. 

Death occurred rapidlj' after the occurrence of the rupture as evidenced 
by the condition of the pericardial sac and lacerated tissues. Four patients 
showed ante-mortem clotting of tlie blood in the perieaKlial sac and one had 
organization of the clot, but the remaining three revealed only bright, un- 
elotted blood. 

Clinical observation indicated that three expired immcdiatelj- after the 
rupture, four within a day, and only one survived sixty hom-s. All eight 
deaths occurred within two to eleven days, average 5.8, after the clinical on- 
set of acute myocardial infarction. The rupture occurred in the left ventricie 
in seven of the patients, four posteriorly and three anteriorly, while the re- 
maining one ruptured through the right vcntrielc and septum at the ape.x. 

Positive cleotroeardiographic evidence of acute myocardial infarction 
«'.Ts present in all of the rupture group except one patient on whom such 
an examination was not possible bccatisc she expired within a half hour after 
.admission to the hospital. The clinical diagnosis of rupture was made in six of 
the patients prior to autopsy. 

Rupture of the heart oceuiTcd in four of these patients during defecation. 

The leucocyte counts and blood sedimentation rates were consistently 
above normal levels in both the rupture and nonraptiire groups, hut there was 
no significant difference. 
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111. CLINICAL AND LABORATORY OBSERVATIONS IN FATTY 
INFILTRATION OP THE LIVER 

Herman Ulewtch, M.D. (By Invitation), Leon Schiff, BI.D., 

Jerome R. Berman, M.D. (By Inwtation), Daniel P. Richfield, M.D. 

(By In\ttation), Ferdinand G-. VTeisbrod, M.D, (By Inmtation), 

AND Edward A. Gall, M.D. (By Inwtation), Cincinnati, Ohio 

Fifteen patients with pure fatty infiltration of the liver demonstrated by 
needle biopsy Avere selected for study. 

_ Thirteen of the fifteen patients Avere admitted to the medical seiwice for 
Amrious causes among Avbicli Avei'e liematemesis, pellagra, chronic cholangitis, 
diabetes mellitus, chronic pancreatitis, xanthomatosis, congestive heart fail- 
ure, myocardial infarction, malnutrition, and gastritis. Two patients AAuth 
mycosis fungoides and .discoid lypus eiythematosis respectively Avere studied 
on the dermatologic seiwice. 

The ages of the patients ranged from 29 to 85 years. Nine of the patients 
were Avomen. A definite history of alcoholism Avas present in six. The diet Avas 
adequate in only six patients. An antecedent history of jaundice Avas obtained in 
tAA^o patients, both of Avhom had had preAUOUs cholecystectomies. Mild diabetes 
mellitus Avas present in tAA'o, Avhile obesity was present in six patients. A history 
of Aveight loss of 10 pounds or more Avas obtained in ten of the subjects. Nausea 
and vomiting occurred in six, Avhiie anorexia Avas prominent in ten. 

Hepatomegaly (ranging from one to fiAm fingerbreadtlis) Avas observed in 
ten of the fifteen patients, Avhile splenomegaly Avas present in only one in- 
stance. Edema of the loAver extremities Avas encountered three times. Glossi- 
tis and evidences of peripheral neuritis Avere found in tAvo patients. 

Laboratory studies shoAved an elevation of the thymol turbidity in five of 
fourteen eases and a 3 to 4 plus cephalin cholesterol flocculation test in seven 
of fourteen eases. Serum bilirubin was elevated in tAvo patients. Brom- 
sulfalein retention Avas demonstrated in seven of fourteen patients. The pro- 
thrombin time Avas not significairtly prolonged in any instance. Anemia Avas 
present in six subjects and was macrocytic in tAvo. 

It may be concluded that fatty infiltration of the liver occurs in a Amriety 
of conditions and presents Amriable clinical and laboratory findings, and re- 
quires needle biopsy for its diagnosis. 


112. CHANGES IN TOLERANCE FOB GLUCOSE AISID IN THE 
MORPHOLOGY OF PANCREATIC ISLET CELLS INDUCED 
BY INTRAVENOUS GLUCOSE IN DOGS 

Keats K. Vining, Jr., M.D., Ea^anston, III. 

(Introduced by Henry R, Jacobs, M.D.) 

The possibility that damage to the islets of Langerhans can be caused 
by the continuance OAwr long periods of time of glucose infusions in non- 
hjqierglycemic amounts Avas the object of the present study and report. Pre- 
vious iuA'esti gators haAw shoAvn that there is a response on the part of the blood 
sugar regulating mechanisms to administered glucose. It Avas postulated th-it 
continuous administration even in nonhyperglycemic amounts Avould elicit 
such a response in such a Avay that these mechanisms Avould have no chance 
to “rest” and Avould become exhausted. 
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Glucose was administered to female dogs by continuous intravenous in- 
fusion, and the blood sugar changes followed. The pancreas was examined 
microscopically at the end of each experiment. Short-term infusions with 
hyperglycemic rates of glucose input have shown that such continuous in- 
fusions of glucose will cause an increase in tlie tolerance for glucose, as evi- 
denced by the markedly lower blood sugar seen at the end of such an infusion 
as compared with the blood sugar seen shortly after the infusion is started. 
Long-term infusions (as long as forty-eight days) of amounts well below the 
hyperglycemic glucose inpiit were shown to cause pancreatic islet cell damage 
with beta cell dcgranulation, congestion, and hydropic degeneration, and re- 
sulted in a much poorer glucose tolerance as cndenced by much Iiigher blood 
sugar Ic^’cls, in the hj^crglyccmie range, at the end of a long-term infusion, 
than were caused by the same amount of glucose in the early part of a given 
infusion. 

The results of this investigation would seem to indicate that the tolerance 
for glucose can indeed be increased, and that such an increased tolerance 
stimulated by continuous intravcnoiis glucose infusion will result in damage 
to the islet cells of the pancreas, and eventual loss of glucose tolerance, prob- 
ably due to exhaustion of the insulin produeing cells in the islets of Langei*- 
hans. This same microscopic picture has been reported before as the result 
of hyperglycemia maintained over long periods of time, by both anterior pitu- 
itary extract injections, and again by injected gluco.se. It woiild seem from 
the I'csidts of this investigation that the damage and loss of tolerance for glu- 
cose is due not to the hyperglycemia but to the continued stimulation of the 
blood sugar regulating mechanisms. 


113, TILE TREATMENT OF UREMIA BV DIALYSIS ACROSS THE 
INTESTINAL MUCOSA 

IMauricr it. AVald, At.D., and Robert A. Reid, M.D., Evanston, III. 

(Introduced by N. C. Gilbert, M.D., and George C. Turnbull, M.D.) 

The effects of dialysis across the intestinal mucosa by lavage are studied 
in two cases of chronic terminal uremia. The first is one of congenital poly- 
cystic kidney, studied for two months. Tlie other is a case of advanced 
nephrosclerosis in a woman whose right kidney liad been removed surgically 
years ago, studied for one month. The irrigating solution is lactate-Ringcr’s 
with added dextrose 5 to 10 per cent. Levels of nitrogenous products in the 
dialysatc from small boM'cl irrigation arc equal to blood levels and the ab- 
straction rate is inversely propoi'tional to the rate of flow. A large inflow 
(priming) is required in intestinal dialysis before outflow effectively equals 
inflow. Irrigation of the lower ileum and colon is equally efficient and allows 
for control of edema. Alteration of irrigating solution concentration of glu- 
cose controls edema during irrigation. Glucose is absorbed during dialysis, 
uceessitating concentrations up to 10 per cent in the irrigating fluid to main- 
tain isotonicity. Sodium chloride in O.C per cent concentration is absorbed at 
ail levels of the intestine, liut sodium chloride deficient solutions will abstract 
as much as 0.5 Gm. per liter. In view of this, an irrigating solution contain- 
ing 0.45 per cent sodium chloride would seem more suitable. Sodium lactate 
in the dialyzing fluid in combating acidosis, hemoconcentration, or dilation 
during dialysis did not inflnence blood nitrogen levels. By fastening a small- 
iiorod tube four feet from the tip of a Aliller-Abbott tube, inflow of dialyz- 
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ing fluid occurs through the former, and outflow through the latter, rvhich can 
be allowed to remain at the ileocecal level. This was shown to cause no ir- 
ritation although in place for one month. Blood noniirotein nitrogen rises 
vapidly in the uremic individual following inti’avenous administration of pro- 
tein hydrol 3 "sate. 

114. A QUANTITATIVE STUDY OP THE SOLUBILITY 
OP HUMAN HEMOSIDERIN 

George E, Wantz, M.D. (By Invitation), anb George M. Hass, M.D., 

Chicago, III. 

Previous studies of hemosiderin, isolated liy drastic chemical methods, 
have indicated that the product is a form of ferric hj'droxide. The present 
studies were an attempt to define the properties of hemosiderin hj’' less drastic 
methods and to compare the properties of inti'acellular hemosiderin with those 
of chemically isolated hemosidezin and synthetic ferric hj’-droxide. 

Hepatic tissue of patients with hemochromatosis and hemolytic hemo- 
siderosis, secondaiy to multiple transfusions, was used. Frozen sections of 
fresh tissue wez’e dz’icd izi vacuo for qualitative microscopic studies. Frozen 
pulverized fresh tissue was dried in vacuo for use in quantitative studies of 
solubility of hemosiderin. Sections for microscopic study azid small amounts 
pf powdered tissue iverc exposed to the action of buffer solutions of different 
ionic composition (pH 1.2 to 11; ionic strength, 0.25 and 0.50). Ferric 
hydroxide and hemosiderin isolated from hepatic tissue by the usual alkaline 
methods were exposed to similar solutions. Solubility was determined qnanti- 
tativelj’’ by analj'ses of iron in supeniatant solution and in the undissolved 
residue. 

The data indicated that chemically isolated hemosiderin and ferric 
hj'’di'oxide had similar solubility properties. Hemosiderin in the cytoplaszn 
of reticuloendothelial cells had solubility properties similar to but not identical 
until those of chemically isolated hemosiderin and ferric lij’^droxidc. Hemo- 
■siderin in hepatic parenchjnnal cells had solubilitj^ properties which wore very 
different from those of ehemicallj' isolated hemosiderin and ferric hjulroxicle. 
Intracellular hemosiderin, chemieallj'^ isolated hemosiderin, and ferric hy- 
droxide were almost insoluble in isotonic saline and phosphate buffer solutions 
at neutrality. A large fraction (50 to 80 per cent) of intracellular hemosiderin, 
espeeiallj^ that present in the cjriopiasm of parenchymal cells, was soluble in 
citrate buffer solutions, ionic strength 0.50, at or near neutrality, while 
chemicallj' isolated hemosiderin and ferric h,ydroxide were almost insoluble 
under the same conditions. Furthermore, rvithiii a part of the range in which 
intracellular hemosiderin had a high solubility (pH 6.1 to 7.0), crystals of mi- 
known composition appeared in the tissues near the sites of grannies of 
hemosiderizi. These crystals did not appear in normal liver cells and were 
not formed in the presence of chemicallj'^ isolated hemosiderin or fei’ric 
hj^droxide. The results indicate that the problem of isolating one or more 
forms of hemosiderin bj' chemical extraction at neutralitj', or after eiystalliza- 
tion in situ, can now he approached. 
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115. INFARCTION OF THE SIUSCLE BUNDLES OF THE HEART 

William B. Wartjian, jM.D., and John C. Souders, M.D. (By Invitation), 
Chicago, III. 

The object ol this investigation was to determine whether myocardial in- 
farcts are confined to the muscle bundles of the heart or occur without regard 
for them. For this purpose the topography of seventy-two infarcts in fifty 
unselected hearts was plotted and compared with the knowm topography of the 
four chief muscle bundles of the cardiac ventricles (superficial sinospiral, super- 
ficial bulbospiral, deep sinospiral, and deep biilbospiral muscles). It was found 
that all the infarcts followccl definite patterns which coincided with the patterns 
of either one or more of the four muscle bundles. Twenty-five of the infarcts 
(35 per cent) in twentj’-one cases (42 per cent) involved either a single super- 
ficial or a single deep bundle. The superficial muscles were involved, either 
alone or with a deep muscle, in 74 per cent of infarcts. The deep muscle bundles 
were involved, cither alone or with a superficial muscle, in 51 per cent. Dc- 
jiending upon tlie thickness of the ventricular wall involved, it was possible to 
distinguish three tj’pes of infarcts: full thickness, massive but not full thick- 
ness, and laminar infarcts. Rupture, aneui'j’sm formation, and mural thrombosis 
of the left ventricle were largely dependent upon the number of muscle ])undles 
involved and the thickness of the infarct. Atrial infarcts were present in 42 
per cent of the hearts. The immediate mortality of myocardial infarction was 
not influenced by the thickness of the infarct, the number of muscles included 
in it, nor by the involvement of any specific muscle 


116. INTERRELATION OF PTEROYLGLUTAJIIC ACID AND VITABIIN 
B,. IN INDUCED ANEJIIA OP SAVINE 

Rodert W. IIeinle, jM.D., Arnold D. Welch, JI.D., and Henry L. Shorr, B.S. 

(By Invitation), Cle\t:land, Ohio 

Swine maintained on a ptcroylglutamic acid (PGA)-deficicnt diet, with 
“vitamin-free” casein as the source of protein, develop severe macrocytic 
anemia with inogaloblasts in the bone marrow. Such animals respond well to 
PGA initially, but as the deficiency is maintained, the ability to respond to PGA 
diminishes. Administration of purified liver extracts then evokes a response. If 
liver extract or a source of “extrinsic factor” is given before PGA, a poor rc- 
.sponse can be elicited once or twice, after which no further response can I)o 
obtained until PGA is administered. 

Two animals showed a slight response to relatively large doses of xantlio- 
]Uerin, hnt much less than to PGA, 

One pig, maintained on tlic PGA-dcficient regimen, for several months u'as 
given large amounts of liver extract and later vitamin B,-. There was an initial 
partial response, after which blood values were maintained better than previ- 
ously but never became normal. Verj* marked macrocytosis developed and 
persisted. Administration of PGA then caused prompt disappearance of macro- 
cytosis, and blood values became normal. 

Vitamin Bi* deficiency was induced in swine by a diet containing alpha 
protein of soy beans, supplemented -with methionine, as tlic source of protein; 
PGA was administered daily. Severe anemia developed in whieli macrocytosis 
was less marked and developed more slowly than in the P(5A-dcficicnt animals. 
The marrow did not contain megaloblasts. These animals responded to crystal- 
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line vitamin Bu. In one pig, tliere were peculiar double and triple reticulocyte 
peaks, each of wliicb oecurred after a single injection of vitamin Bi". 

These findings indicate that P6A-deficient swine fed “vitamin-free” casein 
develop a deficiency of botli PGA and the antianemia factor(s) of liver (solely 
vitamin Bj;?). Either PGA or liver extract will induce a hematopoietic re- 
sponse, but both eventually are ineffectual unless the other is present. This 
indicates that both factors are required for normal liematopoiesis in swine. 

While vitamin B 12 deficiency results in anemia, a deficiency of PGA 
appears to be importantly involved in maerocjdosis and megaloblastosis. It is 
suggested that in human pernicious anemia a double deficiency also exists. 
The PGA deficiency may be the result of dietary inadequacy or of disordered 
metabolism of PGA. The deficiency of \dtamin Bia usually is dependent on an 
inadequacy of “intrinsic factor” in the gastric secretion but presumably can 
result from dietary deficiencies of vitamin B,- and other factors. 


117. CORRELATION BETWEEN RIBOSE NUCLEIC ACID DEPLETION 
AND OTHER SIGNS OP LIVER DAMAGE AS INFLUENCED 
BY VITAMIN B:2 

Dieter Koch-Weser, M.D. (By Invitation) , and Hans Popper, M.D., 

Chicago, III. 

Disappearance of cytoplasmic ribonucleic acid compounds which are sup- 
posed to play a significant role in protein formation is one of the first signs of 
liver damage. Therefore, in comparison with twelve controls, the ribonucleic 
acid depletion (as recognized histologically) in thirty-six rats, forty-eight hours 
after intraperitoneal injection of a sublethal dose of carbon tetrachloride, was 
correlated with other signs of liver damage such as hydropic swelling of the 
parenchymal liver cells, increase of broinsulfalein retention, decrease of total 
liver proteins, and increase of histologically and chemicallj' demonstrable fat. 
Chemical fractionation of total fat revealed the phospholipids remarkably con- 
stant, while all changes in the total fat wei’C caused by variations of the neutral 
fat. Recent investigations had suggested that vitamin Bis is important in the 
formation of ribonucleic acid compoiuids and subsequently it was demonstrated 
in this laboratory that the pathologic changes resulting from carbon tetra- 
chloride (CGli) intoxication was significantly less pronounced in rats which 
had previously received very large doses of vitamin Bis. Therefore, forty-eight 
such protected I'ats were also included in the comparison. 

In the indimdual animals of the intoxicated as well as the protected group, 
there was a parallelism in the degree of the different alterations. This parallel- 
ism was marked between the degree of fattj'' deposition and brorasulfalein re- 
tention. The increased bromsulfalein retention was found more related to 
circulatory embarrassment by the fat deposition (as judged from the presence 
of erythrocjdes in the sinusoids) than to.liver cell damage. On the other hand, 
there was an almost as marked parallelism between liver cell damage, ribonu- 
cleic acid depletion, and decrease in liver protein. 

Since with small doses of CCL ribonucleic acid depletion in the center of 
the lobules can be produced without other evidence of liver damage, the 
ribonucleic acid depletion is apparently one of the basic factors in this type 
of liver damage. Sloreover, mtamin B 12 seems to inhibit liver damage by 
facilitating the formation of ribonucleic acid. That is probably related to the 
assumed role as sjmtlietizing ribonucleases of growth factors such as vitamin 
Bi 2 . Their influence on protein formation in turn may control the enz 3 ’me 
regeneration in liver damage. 
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These experiences suggest the investigation of the effect of \atainiii B 13 in 
different types of liver diseases. In view of the relatively large doses necessary 
for effect in rats, variations in vitamin Bj- content possibly explain the erratic 
results obtained with liver extracts in these disorders. 


118. EONIACOL— A VASODILATOR SUBSTANCE CONVERTED 
IN THE ORGANISat TO NICOTINIC ACID 

S. aiARX White, M.D., JIinneapolis, aiiNN. 

Roniacol, a vasodilator substance which is converted in the organism to 
nicotinic acid, is 3 pydridine-methanol or B-pyridyl-carbinol (the alcohol cor- 
responding to nicotinic acid) and has the following structural formula : 

H 

C 

HC^ \:-ch,oh 


During the experimental period, the code designation for the compound 
was Nu 2121. 

Roniacol is a nonvolatile solid freely soluble in water and in alcohol and 
of low to.xicity for animals. Administration of the human dosage to dogs 
for three months produced no advei’se effect on weight, blood formation, or 
nonprotein nitrogen. In all animals, powerful vasodilator effect on botli 
coronary and peripheral circulation was observed. 

There are several conditions in which prolonged vasodilation should be 
of benefit particularly in treatment but also in diagnosis. These include 
oonditions in which coronary, renal, or peripheral cerebral vascular spasms are 
involved. Collateral circulation is of paramount importance when the vascular 
lumen is narrowed. 

To be effective in aiding nutrition in an area with deficient vascular 
supply, brief and evanescent dilation in collateral vessels requires frequent 
repetition of the dilator effect. A prolonged dilator effect is to be sought and 
should aid in establishing permanent dilatation of the vessels involved. 

Relatively free from uncomfortable or deleterious effect.s, and capable 
of causing an immediate, visible flushing of the skin when given by mouth, 
the drug can be repeated as often as desired. 

This preliminary report is concerned with two conditions in which vaso- 
spasm and vasodilation in a collateral circulation are important, the angina 
pectoris syndrome and peripheral vascular lesions. 

In angina pectoris, Roniacol has appeared repeatedly to increase tolerance 
for exercise and to extend the range of activity without occurrence of pain. 
In peripheral vascular disease the drug has been used to determine whether the 
total circulation of the involved parts can be improved; and, in eases showing 
improvement, sympathectomy may be expected to be effective. 

Cases illustrative of the foregoing conditions are cited. 
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119. RAPID TREATMENT OP ACUTE GOUTY ARTHRITIS BY CON- 
CURRENT ADMINISTRATION OP PITUITARY ADRENOCORTICO- 
TROPIC HORMONE (ACTH) ANT) COLCHICINE 

WiLLiAji Q. WoLFSON, M.D., CluUrence Cohn, M.D., and 
Rachjiiel Leitne, M.D., Chicago, III. 

(Introduced by Samuel Soskin, M.D.) 

Clinical gout appears to require two endocrine disturbances. An abnormal 
male sex hormone seems to regulate appearance of inherited hyperuricemia. 
Gout patients also appear relatively unable to meet acute relative glycoeorticoid 
lack with a prompt increase in production. When glj'-eocorticoid lack occurs, 
it tends to persist and to precipitate acute gouty arthritis. Heilman and 
Robinson, Conn, Block, and Louis induced acute glycoeorticoid lack by admin- 
istering ACTH in interval gout and then withdrawing this liormone and found 
the procedure to precipitate acute gouty arthritis in a majority of patients. 
Their observations have been confirmed. 

ACTH, given during acute goutv arthritis, repairs the glycoeorticoid lack 
and rapidly terminates the episode. However, given alone, ACTH is not satis- 
factory therapy for acute gouty arthritis. In most patients the relative 
glycoeorticoid deficiency ivhieh follows hormone withdrawal precipitates a 
renewed attack shortly after withdrawal. 

Colchicine, given during or immediatel.y after treatment of acute gouty 
arthritis with ACTH, effectively overcomes the tendency of ACTH withdrawal 
to precipitate a renewal of the attack. Single 50 mg. doses of ACTH 
(Armour) have effectively terminated most attacks within four hours. Occa- 
sionally a second or third dose has been required at six-hour intervals after 
the first. Although a number of the episodes treated had been prolonged 
and resistant to previous therapy, no ACTH-treated attack has persisted 
more than twenty-four hours after hormone therapy was begun. 

Colchicine administration has been begun either with ACTH administra- 
tion or four hours following the last dose of ACTH. All patients have been 
eolehicinized to tolerance and maintained on daily subtolerance doses of col- 
chicine for at least two weeks. No patient who has received combined ACTH- 
colchicine therapy has had even a minor recurrence of acute gouty arthritis 
within one month of treatment. 

Concurrent administration of ACTH and colchicine appears to be the most 
rapid and effective available treatment for acute gouty arthritis. In view 
of the relative scarcity of ACTH, the small amounts of this hoi-mone which 
are required constitute a particularly desirable feature. 

120. EFFECT OP HYPERVENTILATION ON THE HEMORESPIRATORY 

EXCHANGE IN NORMAL PERSONS, PATIENTS WITH 
PULMONARY EMPHYSEMA, AND PATIENTS 
WITH CARDIAC DYSPNEA 

Russell H. Wilson, M.D. (By Iniutation), Crmg W. Borden, )[.D. 

(By Invitation), and Richard V. Ebert, M.D.. 

)IiNNEAPOLis, Minn. 

Respiration aids in maintaining a normal blood pH b.v regulating the 
tension of carbon dioxide in the alveoli and hence in the arterial blood. H.vper- 
vcntilation in normal peisons produces alkalosis by sudden lowering of the 
alveolar and blood pC 02 . 
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The purpose of this stud}’ was to dctcniiiiie tlic response to voluntaiy 
hyperventilation of patients with d}*spnea secondary to heart disease or chronic 
pulmonary emphysema. In twelve normal persons, fourteen cardiac i>atients, 
and twelve patients witli pulmonary emphysema the total lung volume and it.s 
subdivisions, the minute volume, oxygen uptake, CO 2 elimination, arterial blood 
pll, CO 2 content, and oxygen saturation were measured in the basal state and 
after two minutes of voluntarj’ hyperventilation. The pCOa of arterial blood 
was estimated from the nomogram of Singer and Hastings. 

In the group of patients with emphysema the residual air was markedly in- 
creased witli a corresponding reduction in vital capacitj', the total lung volume 
being normal. Patients with heart disease showed a reduction in vital capacity 
and total lung volnmc with a normal residxial air 

j\Ican values before and after hyperventilation in normal persons and 
patients witli cardiac dyspnea were very similar. In tlie group of patients with 
emphysema tlie initial pCOa was elevated and the oxygen saturation was dimin- 
ished, the value for the former heing 50 mm. Tig and for the latter 83 per cent. 
The blood pH was normal as the result of a eom]>ensatory increase in plasma 
bicarbonate. Voluntary hyperventilation was relatively ineffective in thi.s 
group and did not significantly alter the initial values. 

Hence, patients with cardiac dyspnea like normal persons have ventila- 
tory control over blood pH. Inability of patients with emphysema to increase 
alveolar ventilation effectively by maximal effort results in serious impair- 
ment of ventilatoiy regulation of blood pll. This defect renders these patients 
particularly vulnoralilo to metabolic and respiratory acidosis and is a constant 
threat to life. 


121. A SINGLE SCALE ABSOLUTE READING EAR OXUIETER 
Earl II. Wood, M D., Rochester, JIinn. 

(Introduced by C. P Code, M.D.) 

Two modified oximeter eaipicces were calibrated on the basis of tlicir re- 
sponses on empirical optical filters using the single scale circuit described 
by Wood and Geraci. 

Earpiece 1 was used to determine arterial oxygen saturation on thirty- 
three ears of eighteen normal subjects. Thirteen were white and five were 
Negroes. Ages ranged from 2 to 50 years The average saturation obtained 
when the subjects were breathing air was 96.7 ± 0.3* (93-101) per cent and 
99.4 ± 0.4 (94-106) per cent when breathing oxygen. 

Earpiece 2 was used on twenty-four ears of seventeen normal subjects. 
Twelve were white, two were Chinese, and three were Negroes. The average 
arterial saturation was 96.7 ± 0.3 (94-100) and 99.7 ± 0.5 (96-104) per cent 
when the subjects were breathing air and oxygen, respectively. 

Eighteen simultaneous Van Slyke and oximctric determinations of arterial 
oxygen saturation wore made on six patients with congenital heart disease 
during supine rest, breathing air or oxygen, standing and walking. Tlie per 
cent arterial oxygen saturation bj’ Van Slykc analysis of radial artery blood 
averaged 85 and ranged from 39 to 100 per cent. The standard deviation of 
the differences between simultaneous Van Slyke and ear oximeter determina- 
tions in these hypoxemic patients was 4 per cent. 

•The number following the ± sign ts the standard error of the n\can, N = 23. 
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The instrument can be A.C. or battery operated, is compact, relatively 
inexpensive, simple to operate, and is apparently accurate enough to warrant 
its use for most clinical estimations of arterial oxygen saturation. 


•122. STUDIES OF HEMAGGLUTININS IN CONGENITAL 
AND ACQUIRED HEMOLYTIC ICTERUS 

Claude-Stabr ^YRIGHT, M.D., Matthew C. Dodd, Ph.D. (By Invitation), and 
Bertha A. Bouroncle, M.D. (By Invitation), Colujibus, Ohio 

With the Technical Assistance of Charles A. Cunningham, B.S. 

The immunohematologists studying the Rh mechanisms developed a series 
of techniques for demonstrating incomplete (blocking) antibodies which have 
proved useful in investigating other hemolytic anemias. To the Coomb’s, 
“developing” and “ ■ ’ ” tests, AVheeler, Luhby, and Scholl have 

recently added a ' ■ ' ' ; , ^ iouslj’^ suggested bj’- Burnet, Piekels, and 

Quilligan, using enzyme-treated normal red blood cells for detecting incom- 
plete Rh antibodies in sera. Thej^ found the technique a simple, reliable, sensi- 
tive, inexpensive, and rapid screening test for demonstrating incomplete Rh anti- 
bodies in sera of Rh-negative women. We have added this to the battery of tech- 
niques in the study of congenital and acquired hemolytic icterus. The follow- 
ing observations have been made: (1) 255 normal sera gave no agglutination 
with tiypsinized red blood ceUs. (2) In twenty cases of acquired hemolytic 
icterus, one or both tests were positive in sixteen cases; fourteen with 
trypsinized red blood cells; fourteen with Coomb’s serum. (S) In twenty-one 
cases of congenital hemolytic icterus, one or both tests were positive in eight 
cases; six with trypsinized red blood cells; four with Coomb’s serum. 

It is concluded that (1) the trjqisinized red blood cell test is a valuable 
adjunct for demonstrating incomplete antibodies in acquired and congenital 
hemolytic icterus. (2) In acquired hemolytic icteims the avidity and titers of 
the trypsinized red blood cell test are generallj^ greater than with the Coomb ’s 
test; however, they run a closer parallel in acquired than congenital types. 
(3) The Coomb’s test, contrary to recent claims, has not been a reliable means 
of differentiating acquired and congenital hemolytic icterus thus far in our 
hands. 


123. CAVITY POTENTIALS OP THE HUMAN VENTRICLES 


Henry A. Zimmerjian, M.D., and Herman K. Hellerstein, M.D., 
Cletoland, Ohio 


(Introduced by Roy W. Scott, M,D.) 


The intracavitary potentials of the human left ventricle have been studied 
by retrograde arterial catheterization. In eight men, 48 to 74 yeai’s of age, 
the left ventricle was entered successfully in six, ivhile in two the tip of the 



supeniatant.*and wash enzymized red blood cells three times with cold saline. Make .^ 2 per 
cent cell suspension in saline. Suspension is checked for nonspecinc agglutination witn noi 
mal sera. , « - ^ 

Serial dilutions of the patient's serum are made with 0.1 ml. of serum and 0.1 mi. oi 
saline Two drops of the above suspension of trypsinized red blood cells are added, incuoaie 
at 37* C., thirty minutes, and read for agglutination. 

Normal sera are run as controls. 
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catheter electrode was obstructed by the aortic valve. All patients had aortic 
insufficiency, with an average pulse pressure of 98 mm. Hg. The right ven- 
tricle potentials were obtained by venous catheterization. 

In the region of the upper part of the interventricular septum, curves 
from the right ventricle showed a small R wave and a deep S wave; in the 
corresponding region of the left ventricle, the complex was of the QS variety, 
with an initial slurring on the downward limb corresponding to the R wave of 
the right ventricular lead. In no case was a positive deflection recorded in the 
left ventricle in this region. These findings are consistent with the current 
belief, proposed by "Wilson, that the upper part of the interventricular septum 
is depolarized from left to right. 

In one case, however, ciuwcs from the apex of the left ventricle showed 
a definite R wave and a deep S wave. The origin of this R wave is obscure 
and may be due to (1) depolarization of the lower septum from right to left, 
or (2) to the tip of the catheter electrode being situated in the apex which would 
be “facing” the wave of depolarization passing down the Purldnje system of the 
left ventricle. 

Premature beats were most frequcntlj’ produced when the catheter first 
entered the cavity of the left ventricle in the upper septal region. In several 
cases runs of ventricular beats occurred for two to four seconds, spontaneously 
disappearing when the catheter was withdrawn or passed forward toward the 
apex. Premature beats originating from the endocardium of the left ven- 
tricle produced a wide QS complex, and usually a positive QRS complex in 
the right and left arm unipolar leads and a negative QRS complex in the left 
foot unipolar lead. 

Tracings were also obtained above the aortic ring and in the arch of the 
aorta. The ventricular complexes resembled those of tlie right arm unipolar 
lead. Thus in a patient with ST elevation in aVr, and depression of the ST 
segment in Va-c, and in aVi, the ST elevation in the lead from the arch of the 
aorta indicated that essentially cavity potentials were being recorded in aVr 
and aortic leads. However, aVr did not resemble the intracavitary lead in all 
cases. One patient with marked left axis deviation and left ventricular hyper- 
trophy had positive aVr and aV„ but the cavity leads of the right and left 
ventricles had net negative values. 


124. A STUDY OF PULIMONARY HEJIODYNAMICS DURING 
PNEUJIONECTOJIY 

A Preliminary Report 

Henry A. Zimmerjian, SI.D., Harvey SIendelsohn, JI.D., and 
Arthur Adelman, M.D,, Cleveland, Ohio 

(Introduced by Roy W, Scott, JI.D.) 

Cournand has studied pulmonary hemodynamics before and after pneumo- 
nectomy in human beings, but there arc no published data on the changes 
occurring during the actual operative procedure. We have studied five 
patients undergoing pnenmoncctomy by the technique of right heart catheter- 
ization during the operation, when a sudden burden may be expected to be 
thrown on the vascular bed of the remaining lung following ligation of the 
opposite vessel. A catheter is placed in the pulmonary arteiy opposite to the 
one to be ligated sixty minutes before the induction of anesthesia. Basal 
cardiac output and initial pressures are recorded and subsequent pressure 
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levels are determined at fifteen-miuute intervals throughout the entire proce- 
dure, including the period immediately following ligation of the pulmonary 
artery. Intra-arterial brachial pressure, phase of respiration, pulmonary 
arterial pressure, and the electrocardiogram are recorded simultaneously on a 
six-channel oscillograph described elsewhere. In two patients who had lesions 
which were not resectable, pulmonary artery pressure measurements were 
obtained after temporary ligation of one pulmonary artery. 

IrVe have demonstrated a consistent average rise in pulmonary arterial 
pressure of 50 per cent above the basal level in all instances immediately 
following ligation. Pulmonary artery pressures dropped to near basal levels 
by the end of the operation in the three patients in whom resections were 
done. This took an average time of forty-five minutes. These findings agree 
with the recent work of Long and associates in dogs. 

We believe that the preoperative measurement of pulmonary arterial 
pressure is an important adjunct in the evaluation of the patient’s suitability 
for pneumonectomjL This immediate idse in pulmonary arterial pressure, with 
the sudden load thrown on the right ventricle, may be responsible for unex- 
pected deaths which occur after ligation of a pulmonary artery. 

Scott and Zimmerman have shoivn that elevated pulmonary arterial 
pressures due to a variety of causes may be lowered by aminoph 3 dline. The 
effect of this drug administered prior to ligation of the pulmonary arterj^ is 
under investigation. 
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1325 


Ikboxyeoriieostcrone acetate and anterior 
pituitary extract, experimental 
vascular diseases due to, compari- 
son of functional changes, 1410 
effect of, m experunentai hypertension, 
further studies on, 1595 
Desoxypyndoxine, pyridoxiue deficiency in 
human beings induced wjth,'l73D 
Iletcrmination of arterial oxygen saturation 
m man, photoelectnCj 387 
of fat in feces using Mojosmer extraction 
Basics, 1471 

of fecal fat and fatty acids, simple method 
for, 282 

of fibiin appearance time, method for, 133 
of glucose m urine, Sumner, dinitrosahcyhc 
acid mctiiod for, evaluation of a 
modified, 1447 

of phenol m biologic material, 275 
of procaine and p-aminobenzoic aeid, epec- 
tropliotometne method for, S22 
of protein m serum and in fractions ob- 
tained from serum with a biuret 
reagent prepared with sodium hy- 
droxide, 1171 

of radioactive phosphorus (P^s) m body 
fluids, methods for, 1301 
of red blood cell and pla*mn cholinesterase 
activity, electrometric method for, 
1564 

of salfonamide scasitmty in vitro, simple 
method for, and its clinical appli- 
cation, 1457 

of true gIuro?o m blood by reduction of 
fcrncynnide, 713 

of urobilinogen m urine and t-tool, simpli- 
fied equipment for, 287 
Deuterium oxide and thiocyanate spaces in 
protem depletion, 080 

Developing test (Coombs) in spherocytic 
liemoli'tic anemias, 7CS 
Dextrose, allergic reactions following intra- 
venous injection of, 1741 
Diabetes detection, 1733 
induction in man, with pituitary adreno- 
corticotropic hormone, metabolism 
of uric acid, glutathione and ni- 
trogen, and excretion of “11-oxy- 
atcroLds" and 17-ketosteroids dur- 
ing, 253 

mellitus, bound glucosamine of serum mu- 
coid m, 116 

Dialictic and nondiabetic subjects, vibratory 
perception in, quantitative studied 
of, 1728 

Dialysis across tlie intestinal mucosa, treat- 
ment of uremia by, 1701 
Diathesis, hemorrhagic, associated with lo» 
thromboplastic activity and a cir- 
culating anticoagulant, 1600 
Dibeuamtne, influence of, upon circulatory 
reactions to ephedrine and ne«- 
syncplirinc in normal man, CfiO 
Dibutotinc and ntropino sulfate, effect of, on 
nocturnal gastnc sccrpjjnn in man, 
1C20 

ns antidote for diii-opropyl liuornplto'iphate 
poisoning in mice, 123 
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Dicumarol and heparin, effect of, in increas- 
ing coronary flow volume, 797 
capillary fragility studies (Gdthlin test) 
on 100 patients receiving, 448 
prophylaxis, continuous, in coronary dis- 
ease, 1749 

therapy, one-stage and two-stage prothrom- 
bin methods in control of, with 
remarks on Ac-globulin, 806 
Diet, cholesterol-free, effect of, on serum 
cholesterol of normal and thioura- 
cil-treated dogs, 1602 

Digitoxin, blood coagulability as influenced 
by, studies on, 1620 

Di-iodor3i-fluorescein, detection of intra- 
cranial tumors by, 1580 
Diisopropyl fluorophosphate poisoning in 
mice, Dibutoline as an antidote 
for, 123 

Dimethylether of <?-tubocurarine iodide, 516 
Dinitrosalicylic acid method for determina- 
tion of glucose in urine, evalua- 
tion of a modified Sumner, 1447 
Diseases of cold temperature climates^ specu- 
lations on, and on nutrition and 
the pituitary-adrenal axis, 1616 
Diuretic sodium sulfate, experimental in- 
fusion of, changes observed fol- 
lowing, 1732 

Dogs, collection of lymph from right thoracic 
duct in, technique for, 1576 
spontaneous and nephrogenic, cardiody- 
namic and renal changes in, in 
response to tissue injury, 1753 

E 

Ear oximeter, a single scale absolute reading, 
1767 

Edema formation in lungs, mechanisms of, 
observations on, 1544 

hereditary, angioneurotic, report of a ease, 
524 

Electrocardiogram of normal and malaria- 
infected monkeys, 1106 
Electrocardiographic patterns in persons over 
SO, 1597 

Electrokymograph, mounting for, a new, 1298 
Electromagnetic flow meter, newly developed, 
1706 

Electrometric method for determination of 
red blood cell and plasma cholin- 
esterase activity, 1564 

Electronic apparatus for recording blood 
pressure, 143 

Electrophoretic pattern of serum and plasma 
in liver diseases, comparison of, 
with special reference to gamma 
globulin fractions, 1600 
Emetine in tissues, distribution of, 818 
Emission spectrograph, use of, for quantita- 
tive determination of Na, K, Ca, 
Mg, and Fe in plasma .and urine, 
625 

Encephalitis, Japanese B, report of five cases 
1656 


Endarteritis, streptococcus viridans, of an 
arteriovenous aneurysm, cured by 
penicillin and surgical excision, 
221 

Enteric perfusion, use of hypertonic solutions 
for, 914 

Enzyme studies on human blood, 477 
Eosin-acetone and phloxine-propylene glycol 
diluents in eosinophile counts, 
comparison of, 1017 

Eosinophil response in adrenocorticotropic 
hormone (ACTH) therapy', 1740 
Eosinophils, differentiation and enumeration 
of, in counting chamber with gly- 
col stain, 1690 

Ephedrine and neosynephrine, circulatory re- 
actions to, in normal man, influ- 
ence of Dibenamine upon, 669 
Epidemiology' of infectious hepatitis, obser- 
vations on, 1588 

Epinephrine, effect of, on vitamin A and glu- 
cose blood levels in normal and 
oirrliotic subjects, 1279 
Erythroblastic hyperplasia, induced, in rab- 
bits, effects of nitrogen mustard 
on, 902 

Erythrocyte iron turnover, 1480 
Exacerbation of alloxan diabetes in mice by 
injection of typhoid vaccine, 487 
Excitation, spread of, through tlie ventricu- 
lar myocardium, studies on, 1738 
Expansile needle for introduction of intra- 
venous catheters, 584 

Experimental administration of barium chlo- 
ride, cardiovascular changes fol- 
lowing, 1733 

iiypertcnsion, effect of desoxy'corticosterone 
acetate in, further studies on, 
1595 

infusion of diuretic sodium sulfate, changes 
observed following, 1732 
malignant hypertension in the dog, effect 
of rutin on hemorrhagic plienom- 
ena of, 1608 
peritonitis, 1175 

production of megaloblastic anemia, 1724 
study of effect of zirconium and sodium 
citrate treatment on metabolism 
of plutonium and radioyttrium, 

313 

syphilis in rabbit, 1748 
uremia, dietary and hormonal influences in, 
925 

P 

Fat emulsions for intravenous nutrition in 
man, 699, 1627 

determination in feces using Mojonnier 
extraction flasks, 1471 
Patty infiltration of liver, clinical and labo- 
ratory' observations in, 1760 
Febrile response to intravenous injectioii of 
typhoid bacterial pyrogen, 
ence of various disease states 
upon, 1400 
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Foc.M nerobic and anaerobic bacteria of pa- 
tients -with chronic ulcerative co- 
litis, certain effects of chemo- 
therapj' on, 1723 

fat and fatty acids, determination of, 
simple method for, 282 
flora, ■urobilinogen formation and, effect of 
ttUTCoraycin on, 1743 

Pcces, Balantidium coli in, galvaaotactic pro- 
cedure for concentration of, 1354 
fat determination in, 'using Mojonnier ex- 
traction flasks, 1471 

Ferrlcyanide, determination of true glucose 
in blood by reduction of, 713 
Fibrin appearance time, determination of, 
metliofl for, 133 

Fibrinogen B test and intravascular tlirom- 
bosis, 1352 

Fibrogencsis, ability of galvanic current floiv 
to stimulate, CIO 

Flocculation test for Uver dysfunction, cho- 
lesteTol-dcsQxycliolic acid a stable 
antigen for, 1049 

with Haycm’a solution, evaluation of, 
(>53 

tests, interpretation of results of, on basis 
of biopsy flndings and protein 
partition, 1730 

Plow meter, electromagnetic, newly devel- 
oped, 2706 

Fluids, blood and tissue, quantitative spec- 
tcographic analysis of, Old 
body, Actinomyces bovis in, G77 
Folio acid» therapy of pernicious anemia with, 
a loug-term evaluation of, 1747 
4-amlno*pteroy]gIutamic aeld, effect of, on 
urinary excretion of IT-ketostcr- 
olds and corticosteroids in acute 
leucemia, 1606 

Free valine, tryptophane, and histidine of 
plasma, concentration of, in 
young and old, determined with 
microbiologic metliodj 234 
Freering-drying sections, simplified vacuum 
dehydration technique for, 292 
Frog, Jforth American (Eana pipiens), preg- 
nanej’ test, appraisal of, with sug- 
gested modification of original 
technique, 554 

Fungus antigens, serologic relationship of, 
1096 

G 

Galvanic current flow, ability of, to stimnlate 
fibrogenesis, 610 

Galvaaotactic procedure for concentration of 
Balantidium coli in feces, 1154 
Gamma globulin, rate of disappearance of 
transfused, from blood in hjlK)- 
proteinemia, immunochemical esti- 
mation of, 1066 

Gases, anesthetic, concentration of, viscosity- 
effusion meter for measuring, 566 
respiratory, vacuum sampling tube for, 881 
Gastric secretion in dogs and gastric ulcer 
formation in tats, action of 
Thephorin upon histamine-induced, 
372 


Gastric .secretion — Coat’d 

nocturnal, effect of atropine sulfate and 
Dibutolino on, 1620 

Glomerulonephritis, spontaneous and induced, 
in an inbred strain of mice, 20.0 

Glucose, allergic reactions following intra- 
venous injeetion of, 1741 
and creatinine in blood, approximate eati- 
matioa of, in one procedure, 
Simple test for, 720 

in blood, determination of true, by reduc- 
tion of ferricyamde, 713 
in urine, determination of, Sumner diaitro- 
salicylic acid method for, evalua 
tion of a modified, 1447 
renal tubular transport mechanism for, 
studies on, 1C18 

spinal fluid, quantitative micrometliod for 
pediatric ward laboratory, 725 
tolerance for, changes in, and m morphol 
og>’ of pancreatic islet cells in- 
duced by rntravenous glucose in 
dogs, 1760 

Glucosuria and hyperglycemia following thy- 
roid administration in ailo.van 
treated rats, 492 

Gothlm test for capillary fragility, studies 
of, on 100 patients receiving Di* 
cumarol, 448 

Gram-ncgativo bacteria, in vitro effects of, 
on streptomycin combined auth 
penicillin and/or sulfadinsine, 186 

Grinding, aseptic, simple method for, of small 
amounts of tissue, 1021 

H 

Hanger cepUaUn-eholesterol test, comparison 
of, with cliolcaterol-desoxycholic 
acid in test for liver dysfunction, 
1046 

Hayem’s solution, flocculation test with, eval- 
uation of, 653 

Heart block following medullary perfusion 
with bacterial toxins, 1751 
congenital malformation of, two rare cases 
of cyanotic group; right heart 
catheterization and angiocardio- 
graphic studies, 1737 

failure, congestive, and hyponatremia; un- 
tou'ard effects of mercurial diure- 
sis, 1500 

biologic decay periods of sodium in, as 
determined by Na*? as the tracer, 

infarction of muscle bundles of, 1763 
rate, control of, irith aa intraeardiac ther- 
mode, 1607 

rupture of, spontaaeaua, following acute 
myocardial infarction, 1759 

Heberden’s nodes; relationship of menopause 
to degenerative joint disease of 
fingers, 1193 

Hemagglutinins in congenital and acquired 
hemolytic icterus, studies of, 1768 

Kcxaalocrit and plasma proteins of albino 
rat, effect of hyaluTonidase on, 
834 
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Hematologic changes induced in guinea pigs 
by prolonged administration of 
pteroyl glutamic acid antagonists, 
S83_ 

disease, cholinesterase activity in blood in, 
a study of, 178 

slide rule for calculating the corpuscular 
constants, 424 

Hematopoietic tissues, tumors of, effect of 
arsenic’’ <« upon clinical course of, 
1360 

Hemoglobin, precipitation of, in urine, some 
factors which cause, 936 
Hemoglobinemia, kidney excretion during 
and after, 1733 

method for production of, by high sonic 
vibration, 1733 

Hemolysin, antirabbit, production of, 1692 
Hemolytic anemia, acquired, Coombs titer 
variations in, 1014 

icterus, congenital and acquired, hemag- 
glutinins in, studies of, 1708 
Hemophilia, occurrence of, in females, 1587 
Hemophilia-like disease in women, 151 
Hemopoietic changes during Chloromycetin 
administration, 1747 

Hemorespiratorj* exchange, effect of hj'per- 
ventilation on, in normal persons, 
patients with pulmonary emphy- 
sema, and patients with cardiac 
dyspnea, 1766 

Hemorrhagic diathesis associated with low 
thromboplastio activity and a 
circulating anticoagulant, 1606 
shock, hypertension during blood trans- 
fusions for, in patient with uni- 
lateral renal ischemia, 784 
states, clotting defect in certain, protamine 
titration as indication of, 473 
Hemosiderin, solubility of human, quantita- 
tive study of, 1762 

Heparin' activity in vitro, indirect, quantita- 
tive method for estimation of, 
1619 

and antithrombin in liuman blood, 631 
and Dicumarol, effect of, in increasing 
ooronarj' flow volume, 797 
clotting time and clot retraction rate, value 
of, in coagulation in leucemia and 
polycythemia, 1321 

tolerance test for thromboembolic disease, 
evaluation of an in vitro, 1222 
Heparin-protamine titration, experience with, 
1586 

Hepatic cirrhosis, different regimes in treat- 
ment of, a comparison, 1727 
vein tlirombosis, polycythemia vera with; 
case report with serial liver biop- 
sies and apparent recovery, 1593 
Hepatitis, infectious, epidemiology of, obser- 
vations on, 1588 

Hereditary angioneurotic adema, report of a 
case, 524 

Herpes simplex virus, isolation of, on the 
chorioallantoic membrane, 402 
Hetoropliile agglutination titers, farther 
studies on enhancement of, by 
■means of serum diluent, 1014 


High prccordial leads, diagnostic value of, 
1618 

Histamine antagonists, 1007 
content of cerebrospinal fluid in man, ob- 
servations on, 250 

effects of intravenously administered, on 
peripheral circulation in man, 380 
Histamine-induced gastric secretion in dogs 
and gastric ulcer formation in 
rats, action of Thephorin upon, 
372 

ulcer, resistance of recently healed ex- 
cisional ulcer of stomach to, 228 
Histochemical iron, study of, using tracer 
methods, 414 

Histopathologj- of liver in human brucellosis, 
40 

Histoplasma capsulatura from blood and 
bronchial secretions, primary his- 
toplasmosis with recovery of, 1290 
Hyaluronidase, effect of, on hematocrit and 
plasma proteins of the albino rat, 
S34 

turbidimetric assay of, 74 
Hydrochloric acid and trisodium phosphate, 
comparison of, in preparation of 
sputum, in Mycobacterium tuber- 
culosis, 733 

Hydrolyzed human serum albumin, intra- 
venously administered, nutritive 
value of, in man, 1133 

Hyperbilirubinemie effect of sodium nieotin- 
ate, 1039 

Hyperglycemia and glucosuria following thy- 
roid administration in alloxan 
treated rats, 492 

Hyperglycemic states, differential diagnosis 
of, by laboratory methods, 1005 
Hypersensitivity, tuberculin and Arthus tj-pes, 
a comparison, 1596 

Hypertension during blood transfusions for 
hemorrhagic shock in patient wdth 
unilateral renal ischemia, 784 
experimental, effect of dcsoxycorticosterone 
acetate in, further studies on, 1595 
bacterial pjTOgens in treatment of, fur- 
ther experience with, 1756 
malignant, in dog, effect of rutin on 
hemorrhagic phenomena of, 1608 
Hj-pertensive and normotensive patients, car- 
diac output of, effect of fefra- 
ethylanimonium bromide on, 1622 
subjects, effect of minimal sodium diet 
upon blood pressure of ambula- 
tory, 1380 , 

Hyperthermia not due to infection, meclia- 
nism of, 1729 

Hypertonic solutions, use of, for enteric per- 
fusion, 944 

Hj-perventilation, effect of, on hemorespira- 
tory exchange in normal persons, 
patients n-ith pulmonary emphy- 
sema, and patients with cardiac 
dyspnea, 1760 

Hypobromite method for nonprotein nitrogen, 
photometric modification of, 873 ^ 
Hyponatremia, congestive heart failure and; 

untoward effects of mercurial diu- 
resis, 1590 



SUBJECT INDEX 


1799 


llypoprotcinemia, blood in, immunochemical 
estimation of rate of disappear- 
ance of transfused gamma globu- 
lin from, lOGd 

Ilj-potonic intravenoua infusions, dinieal and 
laboratory effects of, 1745 

1 

Idiopathic methemoglobinemia, congenital, 
167G 

Immunization of nlreodj* sensitized Ivh-nega- 
live noraanj birth of mildly dis- 
eased child, 983 

Incubator, carbon dioxide, convers'on of a 
standard incubator to, 865 
Infarction of muscle bundles of the heart, 
1763 

Infection, hypcrthcrrain not due to, mecha- 
nism of, 1729 

response, nutritional status and, 335 
Infections, streptococcal pulmonary', cardio- 
vascular lesions in rats subjected 
to group A beta hemolilie, 1604 
Infectious hepatitis, epidemiology of, obser- 
vations on, 1588 

mononucleosis, false positive trichina pre- 
cipitin tests in, occurrence of, 343 
pancreatitis in, 1671 

Intestinal parasitism in American troops in 
Germany, 1284 

Intra-nortic blood pressure during surgical 
resection and repair of coarcta- 
tion of aorta, 1001 

IntiacuTdinc tUermode, control of heart rate 
nith, 1007 

Intracranial tumors, detection of, by di* 
iodoi3‘-fluor6sceiu, 1580 
Intravascular thrombosis, fibrinogen B test 
and, 1352 

Intravenous catheters, expansile needle for 
introduction of, 584 

nutrition in man, fat emulsions for, 699 
Iron, Mstochcmical, study of, using tracer 
methods, 4H 

metabolism, 1480 

urinary excretion of, effect of acid and 
ttllcalino salt on, 932 

Isoinimunizations against the antigen D 
(Rho), intentional, 270 
Isolation of herpes simplex virus on the 
chorioallantoic membrane, 402 
Isotopes, biologic decay rates of, theoretic 
con'uderations of, 14 

J 

Japanese B cnceplialitis, report of five cases, 
1656 

Jaundice, differential diagnosis of, limita- 
tions and merits of single serum 
sample analysis in, 1259 

Tahata-Ara reaction in differential diag- 
nosis of, 1752 

Joint disease of fingers, degenerative, rela- 
tionship of menopause to, 1193 


K 

Kepler water test in tabes dorsalis, 830 

Kidney excretion during and after hemo- 
globinemia, 1733 

Ivjeldahl determination of serum proteins, 
differcuco between biuret and, 
studies on, 1175, 1178, 1183 

h 

Laboratory and clinical effects of hypotonic 
intravenous infusions, 1745 
observations oa Acrosporin (Pohmvxin 
B), 751 

on fatty infiltration of hrer, 1760 
animals, heart valves of various, study of 
movements nud sounds of, 1753 
diagnosis of tuberculosis, adaptability of 
mice to, 1081 

methods, 133, 275, 422, 554, 713, 865, 1017, 
1145, 1298, 1447, 1554, 16S2 
differential diagnosis of hyperglycemic 
states by, 1605 

pediatric ward, qunntltnt^^e spinal fluid 
glucose micromcThod for, 723 

Lactose in urme, detection of, method for, 
562 

Lansing type virus of poiiomyehtis, transmis- 
sion of, in mouse experiments, im- 
proved teelmiquo for, 500 

Leptospirosis, diagnosis ofj somc-vibrated 
leptospirao as antigens in comple- 
ment fixation test for, 1411 

Leucenua, acute, urinary excretion of 17* 
hctosteroids and corticosteroids in, 
effect of 4-aTnino-ptctoyglntamic 
acid on, 1606 

Wood coagulation mj value of heparm clot- 
ting time and clot retraction rate, 
1321 

Lcucemias, blood types in, distribution of, 
1587 

Lewis antibodies, agglutination and inhibi- 
tion in two, studies of, 538 

Lingual manifestations of pernicious anemia, 
response of, to ptcrojlgiutanuc 
acid and vitamin B,„ 439 

Lipase preparation, clinical evaluation of a 
new, 1754 

Lipid absorption test, use of thjTnol turbid- 
ity as, 105 

determinations, total, and zinc sulfate tur- 
bidity, in liver disease, evalua- 
tion of, 15S4 

Liver, changes m composition during protein 
depletion and effect of ciiobnc 
upon tliese changes, 953 
cirrhosis, effect of rigid sodium restriction 
in, 1029 

disease, eleetroplioretio pattern of serum 
and plasma in, comparison of, 
with special reference to gamma 
globulin fractions, 1600 
pancreatic dysfunction and, 1731 
serum esterase in, 858 
zinc sulfate turbidity and total lipid 
determinations in, evaluation of, 
1584 
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dysfunction, cliolesterol-desoxycholic acid a 
stable antigen for floeoulation test 
for, 1049 

colloidal red test an index of, 6G2 
fatty infiltration, of, clinical and laboratory 
observations in, 1760 

in human brucellosis, lustopathology of, 40 
needle biopsy of, using oxidised cellulose 
and thrombin to prevent hemor- 
rhage, 422 

radioisotopes of yttrium, zirconium, and 
columbium in, controlled selective 
localization of, 305 

LoefBer’s medium, modified, for cultivating 
Corynebaoterium diphtheriae, 582 

Long-life isotope, CL®, rates of turnover and 
biologic decay of chloride and 
chloride space in dogs determined 
with, 15S9 

Lower nephron nephrosis, altered renal func- 
tion in, nature of, 31 
management of, further experiences in, 
1609 

Lungs, edema fonuation in, observations of 
mechanisms of, 1544 

Lymph, collection of, from right thoracic 
duct in dogs, technique for, 1576 

Lymphocyte, its relationship to immunologic 
processes in the cat, 158 

M 

Macerator for small samples of tissue, 1027 

Malaria-infected monkeys, electrocardiograms 
of normal and, 1105 

quinine diliydrochloride in, lethal effects 
and eleetrocardiograpluc changes 
produced by, 1109 

Malignant hj’pertension, bacterial pyrogens 
in treatment of, further studies 
with, 1750 

Manometer calibrator, Warburg, 1702 

Measuremeut of renal blood Sow, optically 
recording bubble flow meter 
adapted for, 14G 

Mega-esophagus, pathologic physiologj- of, 
1739 

Jlegaloblastic anemia, experimental produc- 
tion of, 1724 

Menopause, relationship of, to degenerative 
joint disease of fingers, 1193 

Merouhydrin combined with ascorbic acid, 
oral, in cardiac decompensation, 
1750 

Mercurial diuresis, effects of, in congestive 
heart failure and hrponatremia, 
1590 

diuretic, Thiomerin a new, clinical studies 
on, 1254 

Metabolism, iron, 1480 
of plutonium and radioyttrium, experimen- 
tal study of effect of zirconium 
and sodium citrate treatment on, 
313 

of uric acid, glutathione and nitrogen dur- 
ing induction of diabetes in man 
with pituitary adrenocorticotropic 
hormone, 255 


Metabolism — Cout ’d 
teroptcrin, blood level studies on, 501 
tyrosine, in human scurvy, 1491 
Jfetliaelioline-induced fatal bronchospasm 

in guinea p’~~ ^ 

cholinergic ' 
of, 1010 

Mice, adaptability of, to laboratory diagnosis 
of tuberculosis, lOSl 

Microbiologic determination of concentration 
of free valine, tryptophane, and 
liistidine of plasma of young and 
old, 234 

Micromethod for blood penicillin assay, 1687 
Milkj human, excretion of penicillin in, 497 
Monjonnier extraction flasks, fat determina- 
tion in feces using, 1471 
Monkeys, normal and malaria-infected, elec- 
trocardiogram of, 1105 

Mononucleosis, infectious, false positive tri- 
china precipitin tests in, occur- 
rence of, 543 
pancreatitis in, 1671 

Morphine sulfate, control comparison of 27U- 
2206 (S-hydroxyl-N-methylmorphi- 
nan hj-drobromide) with, for re- 
lief of postoperative pain, 1758 
Alounting for electrokjanograph, a new, 129S 
Mumps, clinical and epidemiologic studies of, 
employing the complement fixation 
test, i599 

vaccine, studies on human volunteers, 199 
Mycobacterium tuberculosis, cultivation of, 
733 

infection (H37RV) in protein-deficient 
rat, electrophoretic, circulating 
plasma protein, hematologic, hema- 
topoietic, and pathologic responses 
to, 335 

Myeloma, multiple, high concentration of 
cryoglobulin in plasma of, 1057 
Afyoeardial infarction, acute, spontaneous 
rupture of heart following, 1759 
by auricular catheterization, prelimi- 
nary report on study of, 1737 

N 

Narcolepsy and cataplexy, stellate block in 
mauagemeut of, 1745 

Nasal and bronchial allergy, nebulized P}'ri- 
benzamine in, 107S 

Nausea and v'omiting, occurrence of, after 
intravenous administration of 
amino acid mixtures, serum glu- 
tamic acid levels and, 1238 _ 
Needle, expansile, for introduction of intra- 
venous catheters, 584 

Nephrotic child, amino acid composition of 
proteins excreted by, significance 
of, 326 

syndrome, biologic decay periods of sodi- 
um in, as determined by Na=2 as 
the tracer, 1 

Nervous system, degenerative diseases of, 
amino acid excretion in, 1623 _ 
“Neurogenic” pulmonary edema, cardiac 
factors in, 1734 

Neutropenia and splenomegaly associated 
with rheumatoid arthritis, 1720 
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Newcastle virus iu human respiratory infec- 
tions, occurrence of antiheraag- 
giutinins against, with a possible 
instance of virus isolation, 1581 
Nitrogen mustard, effects of, on induced 
erjd:hroblnstic hyperplasia in rab- 
bits, D02 

N,N-dimetliyl'N'-2-tluazolj'l-N'-p'niethoxy- 
benzyl-cthylenediamine h y d r o- 
chloride (194-13), experimental 
and clinical study of, 1007 
Nocturnal gastric accretion, in man, effect 
of atropine aulfatc and Dibuto- 
line on, 2620 

Nonprotcin nitrogen, hj’pobromite method 
for, photometric modification of, 
873 

Nutrition, intravenous, fat emulsions for, 
699, 1627 

parenteral, 6S8, 690, 1627 
Nutritional neuropathy, effect of vitamin 
B,, on painful aspects of, prolimi 
nary report, 2582 
status and infection response, 335 
N U - 2 2 0 0 (3'liydroxy-N-mcthyl-morphinan 
hydrobromide}, control compari- 
son of, with inorpiiino sulfate for 
relief of postoperative pain, 1758 
new analgesic, observations on use of, 
1530 

0 

Organ homogenates and urine, thrombocyto* 
pen in, reliable test for, 1336 
Organic disease of pituitary, alterations in 
testicular structure, and function 
in, 1726 

Oxidtred eeliulose and thrombin, use of, in 
needle biopsy of liver to prevent 
hemorrhage, 422 

Oximeter, ear, a single scale absolute read- 
ing, 1767 

P 

Pancreatic dysfunction and liver di«»cnse, 
1731 

Pancreatitis, alcohol and, 844 
in infectious mononucleosis, 3671 
Papaverine in treatment of angina pectoris, 
re-evaluation of, 9D3 

Parasitism, intestinal, in American troops 
in Germany, 1284 

Parenteral alimentation, study of complete, 
on dogs, 1121 
nutrition, 6SS, 099, 1027 
Paroxysmal myohemoglobinuria with fatal 
renal tubular injury, 3744 
Pathologic conditions, plasma tocopherol 
levels in various, 048 
physiology of mcga-csoplmgus, 1739 
Pellagra, trjTJtopliane in liimian, thcraiicutic 
elTcrt of, 409 

Penicillin, c-veretion of, in human milk, 497 
raicromethod for blood assay, 10S7 
nc'v products of, for sustained effects, 67 
treatment of pncumoeoccal pneumonia by, 
m aqueous solution at long inter- 
vals, 59 


Peptic and tryptic activity, colorimetric de- 
termination of, azoalbumin as a 
substrate m, 42S 

Pergastne intestinal perfusion, vicarious 
excretion by means of, 1585 
Pericarditis with effusion, chronic, cardio- 
djTiamic and renal studies, nith 
particular reference to mechanisms 
of fluid accumulation, 1598 
Peripheral circulation, effects of intravenously 
adniinistercfl histaimne on, 3S0 

measurement of, 1614 
Peritonitis, cxpcnraentnl, 1175 
Permcious anemia, etiologic relationship of 
achylia gastnea to, observations 
on, 1502 

lingual manifestations of, response of, to 
pteroylglutamic acid and vitamin 
B,„ 439 

sickle cell anemia, and sickle cell trait, 
carbonic anhydrase activity in, 
1249 

therapy of, with folic acid, a long-term 
evaluation of, 1747 

vitamia Bu in, oral adnnnistration of, 
1590 

Petechiometer; evaluation of new capillary 
lesistometcr, 1714 

Pharmacology of anylthiomethyl- and n- 
butyltliiomethylponicilfin, 126 
Phenol m biologic material, determination of, 
275 

Pheochromocytoma, physiologic and pharma- 
cologic studies in a ca«e of, 1751 
Phloxinopropylenc glycol and cosin-acetone, 
comparison of, jn P€»**inopJ)iJ 
counts, 1017 

Phosphatase in human aortic wall, presenco 
of, 1617 

Phosphorus, radioactive, uptake of, by malig- 
nant bram tumors, SS7 
Photoelectric determination of arterial oxjgen 
saturation m man, 3S7 

Photometric modificaiton of hypobromite 
method for nonprotcin nitrogen, 
873 

Physiologic and pharmacobgic studies in a 
case of pheochromocytoma, 1751 
PJiysio-pathology of mega-esophagus, 1739 
Piczoclectrically active crystals, response of 
connective tissue to, 593 
Pituitary adrenocorticotropic h o r ni o a c 
(ACTH) and colchicine, rapid 
treatment of acute gouty arthritis 
by concurrent administration of, 
2766 

organic disease of, alterations in testicular 
structure and function in, 1726 
Plasttia nnacrobically obtained, improixvl de- 
vice for, 1169 

ami urine, Na, K, Ca, Mg, and Fe in, 
quantitative determination of, use 
of emission spectrograph for, 625 
concentralioa of free vahne tryptophane, 
and histidine of, in young and 
old, dctcrnuiiation uith microbio- 
logic method, 234 
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of multiple myeloma, high concentration of 
cryoglobulin in, 1057 

proteins and hematocrit of albino rat, 
effect of hyaluronidase on, 834 
effect of, on coagulation of blood, 477 

prothrombin-free, stability and activity of 
human and bovine in determina- 
tion of prothrombin by dilution 
method, 1356 

radioiodine, effect of thyroid secretory 
activity on distribution of, 1520 

tocopherol levels in various pathologic con- 
ditions, 648 

Platelet studies with a new photographic tech- 
nique, observations of character 
of, 1604 

Plethysmograph, Burch-Winsor, simplified 
venous occlusion method of digit 
blood flow estimation using, 1718 
Plethysmographic cups of Burch-Winsor tjqre, 
substance to seal, 438 

Pleuropneumonia-like organisms associated 
with various rheumatic diseases, in 
vivo action of auroomycin on, 1404 
Pneumococcal pneumonia, pneumococcus 
types, mortality, bacteremia, and 
purulent complications in, at the 
Cincinnati General Hospital, 1936- 
1949, 1757 

treatment of, by penicillin in aqueous 
solution at long intervals, 59 
Pneumonectomy, pulmonary hemodynamics 
during, study of, 1769 

Pneumonia, pneumococcal, pneumococcus 
t 3 ’pes, mortal! t}', bacteremia, and 
purulent complications in, at the 
Cincinnati General Hospital, 1936- 
1949, 1757 

treatment of, by penicillin in aqueous 
solution at long intervals, 59 
Poisoning, diisopropjd fluorophosphate, in 
mice, Dibutoline as an antidote 
for, 123 

Poliomyelitis, Lansing type virus of, trans- 
mission of, in mouse experiments, 
improved technique for, 560 
Polycj-themia, blood coagulation in, value of 
heparin clotting time and clot re- 
traction rate, 1321 

of high altitudes, bone marrow studies in, 
637 

vera vrith hepatic vein thrombosis: case re- 
port with serial liver biopsies and 
apparent rocoverjq 1593 
Polj’mj'xin B, laboratory and clinical observa- 
tions on, 751 

Poljwinyl alcohol-fixative as preservative and 
adhesive for protozoa in dysenteric 
stools and other liquid materials, 
1554 

Popliteal vein, division of, in valvular in- 
suffloienoj' of deep venous system 
of lower extremities, 1755 
Portal circulation time in man, estimation of, 
674 

Prccordial leads, diagnostic value of high, 
1618 


Pregnancy test, male North American frog 
(Eana pipiens), appraisal of, with 
suggested modifications of original 
technique, 554 

Procaine and p-aminobenzoic acid, determina- 
tion of, spectrophotometric meth- 
od for, 822 

penicillin in oil, treatment of syphilis with, 
998 

Protamine tritration as indication of clotting 
defect in certain hemorrhagic 
states, 473 

Protein depletion, deuterium oxide and thio- 
cyanate spaces in, 680 
liver changes during, and effect of 
choline upon these changes, 953 
hj'drolj'sates, antigenic, production of ana- 
phylaxis in guinea pigs with 
weaklj', factors influencing, 531 
in serum, determination of, and in frac- 
tions obtained from serum with a 
biuret reagent prepared with 
sodium hj'droxide, 1171 

Protein-deficient rat, Mycobacterium tubercu- 
losis (H37RV) infection in, elec- 
trophoretic, circulating plasma 
protein, hematologic, hemato- 
poietic, and pathologic responses 
to, 335 

Proteins excreted by nephrotic child, amino 
acid composition of, significance 
of, 326 

Prothrombin activity of human blood, 1739 
determination of, by dilution method, 1356 
estimation of, use of Russell viper venom 
and lecithin as thromboplastin in, 
458 

in human blood, state of, 1203 
methods, one-stage and two-stage, in con- 
trol of Dicumarol therapy, with 
remarks on Ac-globulin, 806 

Prothrombin-free plasma, stability^ and 
activitj’ of human and bovine, in 
determination of prothrombin by 
dilution method, 1350 

Protozoa in dj-senteric stools, pDlj-vinj"! 

alcohol-fixative as preservative and 
adhesive for, 1554 

Pteroj'lglutamic acid and ascorbic acid, inter- 
relationship between, 1724 
and vitamin B,., interrelation of, in in- 
duced anemia of swine, 1763 
response of lingual manifestations 
of pernicious anemia to, 439 
antagonists, hematologic changes induced 
in guinea pigs bj- prolonged ad- 
ministration of, 8S3 

Pulmonarj- arterj-, idiopathic dilatation of, 
1742 

edema, “neurogenic,” cardiac factors in, 
1734 

hemodj-namics during pneumonectomj', 
stud}' of, 1709 

streptococcal infections, group A beta 
hemolytic cardiovascular lesions in 
rats subjected to, 1604 

Pump suitable for blood, design of, 1561 


SUBJECT INDEX 


1803 


Purpura, idiopathic thrombocytopenic, simul- 
taneous cesarean section and 
splenectomy in, 25S0 

thrombocytopenic, coagulation defect in, 
observations on, 1227 

Pyribenzamine, nebulized, in nasal and bron- 
chial allergy, 1078 

Pyridoxine deficiency in human beings in- 
duced With desoxypyridoxine, 1730 

Q 

Quantitativo determination of barbiturates, 
modified ultraviolet speetrophoto- 
metric method for, 1462 
of Nn, K, Ca, Mg, and Fe in plasma and 
urine, use of emission spectro- 
graph for, 625 

indirect method for estimation of hepann 
activity in i itro, 1619 

speetTOgraphie analysis of blood and tissue 
fluids, 616 

spinal fluid glucose micromethod for 
pediatric ward laboratory, 725 

studies of vibratory perception in diabetic 
and nondiabetic subjects, 1728 

Quiuidme gluconate, a new intramuscular 
preparation of quinidioe, 1118 

Quinine dihydrochlorido in malaria-infected 
monheys, lethal effects and electro- 
cardiographic changes produced 
by, 1109 


R 

Radioactive phosptiorus in body fluids, dc 
termination of, methods for, 1301 
uptake of, bj' malignant brain tumors, 
687 

silver for detection of abscesses and 
tumors, use of, 1376 

Radioiodino in plasma, effect of thyroid 
secretory activity on distribution 
of, 1520 

Radioisotopes of yttrium, zirconium, colum- 
bium, and lanthanum, colloids con- 
taining, studies with, 207 

Radiosodium24j determination of total body 
sodium in man nith, 1599 

Rana pipicna pregnancy test, appraisal of, 
>Yith suggested modifications of 
original technique, 554 

Recording blood pressare, electronic apparatus 
for, 143 

Red blood cell and plasma cholinesterase 
activity, electrometric method for 
determination of, 1564 

Renal blood flow, measurement of, optically 
recording bubble flow meter 
adapted for, 346 

capacity of normal, hypertensive, ami 
cardiac failure patients to excrete 
sodium, 1603 

function, altered, in lower nephron 
nephrosis, nature of, 31 

iiiMifiiciency, fluid and electrolyte balance 
iu management of acute, 1612 


Renal — Coat ’d 

ischemia, unilateriil, hypertension during 
blood transfusions for hemorrhagic 
shock in patient with unilateral, 
784 

tubular injury, fatal, paroxysmal myohemo- 
globmuria with, 1744 
transport mechanism for glucose, studies 
on, 1618 

Renin sensitivity and hypexteasinogen levels 
in adrenalectomized dogs, 1594 

Respiratory gases, vacuum saniphng tube for, 
881 ^ 

infections, Newcastle virus in human, oc- 
currence of antihemagglutinins 
against, nith a possible instance 
of virus isolation, 1581 

Rh factor, sensitizations to, in Negroes, 1071 

hapten, experiences with, preliminary re- 
port of, 1603 

negative woman, intensive immunization 
of an already sensitized; birth cf 
mildly diseased baby, DS3 

Rhesus antisera and cells, rare, techniques to 
overcome lack of, 1151 

Rheumatic disease, diagnosis of, failure of 
sensitized sheep cell agglutination 
to clarify, 1210 

pleuropneumonia-hkc organisms asso- 
ciated udth, in vivo action of 
auxeomycin on, 1404 

fever, prevention of, after development of 
a streptococcal infection, an effec- 
tive method for, 159Q 

Rheumatoid arthritis, neutropenia and 

splenomegaly associated with, 1720 

Biboso nucleic acid depletion, correlation be- 
tween, and other signs of liver 
damage as influenced bv vitamin 
, B„, 1701 

Roaiacol, a vasodilator sub.-tiviu'o eouicrted in 
the organism to lucotiuic acid, 
1765 

Rose bengal and br«uu<uh«K'ui a com- 

parison, 216 

Russell viper vraom and Kvilhin, use of, as 
thrombojdnvliu la ostiiuation of 

prothruiubiu, h'^S 

Rutin, effect of, on h»'iuorrhaL:ic phenomena 
of expenmentnl malignant hyper- 
tcnsiim in the dog, ICOS 


Salmonella t^*p^ll, bacteriophage typLag of, 
739 

Scurvy, tyrosine metabolism in huem-, 
Sections, preparation of, by freeziag^^yjv-*' 
aimptififHl vacuum deirdfatr?a 
technique for, 292 
Semen, inhibition of growth cf 

coecu-s aureus by humaa. IZ'Ik ' 
Seminal stains, identification cf, xrii 
phalnse test for, 72; * 

Sensitizations to Rh factor iz ~ 

Scnsitizeil sheep ceil ugglutmst::-. 'sJjr- 
to clarify diagt'*!-! cf 
disease, 1236 
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Serum albumin, hydrolyzed human, intrave- 
nously administered, nutritive 
value of, in man, 1133 
and plasma in liver diseases, electrophoretic 
pattern of, comparison of, with 
special reference to gamma glob- 
ulin fractions, 1000 

cholesterol of normal and thiouracil-treated 
dogs, effect of cholesterol-free diet 
on, 1602 

esterase, studies on, S5S 
gamma globulins, turbidimetric determina- 
tion of, as checked by electro- 
phoretic analj'sis, 1610 
glutamic acid levels and occurrence of 
nausea and vomiting after intrave- 
nous administration of amino acid 
mixtures, 1238 

mucoid in diabetes mellitus, bound gluco- 
samine of, 116 

protein in, determination of, and in frac- 
tions obtained from serum with 
biuret reagent prepared with 
sodium hydroxide, 1171 
proteins, biuret and Kjeldahl determina- 
tions of, studies of differences be- 
tween, 1175, 1178, 1183 
effect of occlusion of hepatic artery and 
ligation of gastroduodenal artery 
on, 1178 

sample analysis, a single, limitations and 
merits of, in differential diagnosis 
of jaundice, 1259 

sickness, unusual clinical picture resembling 
prolonged, “thought to be caused 
by trichinosis,’’ 1611 

Sheep cell ’ ' ' ' ' ■ 3 of sensitized, 

of rheumatic 

disease, 1216 

Sickle cell anemia, sickle cell trait, and 
pernicious anemia, carbonic anhy- 
drase activity in, 1249 
disease, study of, by measuring survival 
of transfused red blood cells, 00 

Sodium, biologic decay periods of, in normal 
man, in congestive heart failure, 
and in nephrotic syndrome as de- 
termined by Na-2 as the tracer, 1 
diet, the minimal, effect upon blood pres- 
sure of ambulatory hj-pertensive 
subjects, 1380 

niootinate, hyperbilirubinemic effect of, 
1039 

penicillins, absorption of, lack of effect of 
Tween 80 on, 1443' 

renal capacity of normal, hj-pertensive, and 
cardiac failure patients to excrete, 
1603 

restriction, effect of rigid, in cirrhosis of 
liver and ascites, 1029 

Solubility of human hemosiderin, quantita- 
tive study of, 1702 

Sonic-vibrated Icptospirae as antigens in com- 
plement fixation test for diagnosis ' 
of leptospirosis, 1411 

Soyljcan phosphatide preparations, vasode- 
pressor activity of, OSS 


Spectrophotometrio method for determination 
of procaine and p-aminobenzoic 
acid, 822 

for quantitative determination of bar- 
biturates, a modified ultraviolet, 
1462 


Spherocytic hemolytic anemias, Coombs de- 
veloping test in, 708 

Spinal fluid glucose, quantitative micromethod 
for pediatric ward laboratory, 725 
Spleen protection, effect of, on mortality fol- 
lon-ing x-irradiation, 1538 
radioisotopes of yttrium, zirconium, and 
columbiura in bone marrow, liver 
and controlled selective localiza- 
tion of, 305 

Splenectomy, effect of, on toxicitj' of Srso 
to the hematopoietic system of 
mice, 1640 

simultaneous cesarean section and, in idio- 
pathic thrombocytopenic purpura, 
1580 

Splenomegaly and neutropenia associated 
with rheumatoid arthritis, 1726 
Sprue, vitamin A in, absorption of uncmulsi- 
fied and emulsified, 1140 
Sputum, comparison of hydrochloric acid and 
trisodiura phosphate in prepara- 
tion of, in Mycobacterium tubercu- 
losis, 733 

Staphylococcus auieus, inhibition of growth 
of, by human semen, 1520 
Stellate block in management of narcolepsy 
and cataplexy, 1745 

Stomach, ulcer of, excisional, resistance of 
recentlj' healed, to histamine-in- 
duced ulcer, 228 

Stool, urobilinogen in, determination of, 
simplified equipment for, 287 
Stools, dysenteric, protozoa in, poliwinyl alco- 
hol-fixative as a preservative and 
adhesive for, 1554 

Streptococcal infection, prevention of rheu- 
matic fever after the development 
of, an effective method for, 1596 
Streptococcus viridans endarteritis of an 
anteriovenous aneurysm, cured by 
penicillin and surgical excision, 
221 

Streptomycin combined with penicillin and/or 
sulfadiazine, in vitro effects of, on 
gram-negative bacteria, 186 
resistance of tubercle bacillus to, 358 
Sulfonamide sensitivity, determination of, m 
vitro, simple method £ot, and its 
clinical application, 1457 
Sumner ’s dinitrosalicylie acid method for de- 
termination of glucose in urme, 
evaluation of a modified, 1447 
Syndrome of hj-pertension, obesity, menstrual 
irregularities, and evidence oi 
adrenal cortical hypcrfunction, 


1746 


Sj'philis, experimental, in rabbit, 1748 

semiweekly treatment of, with procaii 
penicillin in oil, 998 
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Tabes dorsalis, Iveplcr water test in, S30 
Taliata-Ara reaction in differential diagnosis 
of jaundice, 1752 

Teropterin mctaboHsni, blood lei*c] studies on, 
501 

Tctrafitbylammoinum bromide, effect of, on 
cardiac output of normotonsiTc 
and hypertensive patieuta, 1622 
Thephorin, action of, upon histaminc-imluccd 
gastric secretion Jn dogs flud on 
gastric ulcer formation in rats, 
372 

Tliiometm, mercurial diuretic, clinical studies 
on, 1234 

3'hydroxy-N-nictliyhuorplunan bydrobromidc, 
observations on use of, 1530 
Tlirombin and oxidized ccUuIoso, use of, in 
needle biopsy of liver to 
hemorrhage, 422 

Tliromboeytopcn, studies on, 1336 
Thrombocytopenic purpura, coagulation dc- 
'feet in, 761 

simultaneous cesarean section and ftplcn- 
cctomy in idiopathic, 3580 
Thromboembolic disease, in vitro hepanu 
tolerance teat for, evaluation of, 
1222 

Thromboplastin, Russell viper venom and 
locitliin as, in estimation of pro- 
tlirombin, 45S 

Thrombosis, intravascular, fibrinogen R tost 
and. 1352 

TlijTnol turbidity tost, standardized reagent 
for, 877 

use of, as lipid absorption test, 105 
Thyroid administration in alloxan treated 
rats, luTcrglyccniia and glocosuria 
following, 493 

secretory activity, effect of, on distribution 
of radioiodinc in plasma, 3520 
Tissue and body fluid, Actinoraycca bovis in, 
C77 

aseptic grinding of small amounts of, 
simple method for, 1021 
connective, response of, to piczocicctncally 
active crystais, 593 

fluids, quantitative spectrograpluc nnalj'sis 
of, 01 C 

hematopoietic, tumors of, effect of arsemcre 
on clinical course of, 1366 
mnccrator for small samples of, 3027 
iGsponscs to physical forces, 593, 630 
Titration, heparin-protamine, experience with, 
1580 

Tracer methods of studying histocheraieal 
iron, 414 

Trichina precipitin tests, false positive, in in- 
fectious mononucleosis, occurrence 
of, 543 

Trj’ptophane requirement, minimum, and 
urinary excretion of tryptophane 
by normal adults, 839 

therapeutic effect of, in human pellagra, 
409 

Tubercle bacillus, resistance of, to strepto- 
mycin, 358 


Tuberculin and Arthus types of hj'pcrsonsi- 
tivity, a comparison, 1596 



laboratory diagnosis of, ndaplabUity o£ 
mice to, 1081 

Sfycobactcrium, cultivation of, 733 
Tumors and abscesses, radioactive silver ior 
detection of, 137G 

intracranial detection of, by di-iodotat- 
fluorescein, 1580 

malig:nant brain, uptake of radioactive 
phospliorus by, 587 

of Ucttiatopoictic tissues, effect of arscnxc’c 
on clinical course, of, 1366 
Turbidimetric assay of Iiyaluronidase, 74 
determination of scrum gamma globulins ns 
cliecked by electrophoretic analy 
sis, 1610 

method of aurcomyevu assay for capillary 
blood and other body fluids, n 
simplified, 1682 

Turbidity test, thjTuol, standardized reagent 
for, 877 

tests, thymol and zinc sulfate, experiences 
with, under physiologic and path- 
ologic conditions, 105 

Tween 80, lack of effect of, on absorption of 
albumin nml sodium poaicillins, 
1443 

Typiioid bacteria Pyrogen, intravenous injee 
tion of, influence of various dis* 
ease states upon febrile response 
to, 1400 

carrier, chronic, effect of cholecystectomy 
on hacteriologic course, 549 
vaccine, exacerbation of alloxan diabetes 
in mice by injection of, 4S7 
Tjaosinc metabolism in human scurvy, 34P3 

V 

Ulcer of stomach, cxcisional, resistance of re- 
cently healed, to histamiiio-in- 
duced ulcer, 228 

Ulcerative colitis, fecal aerobic and anaerobic 
bacteria of patients with chronic, 
certain effects of cheniotherapy 
on, 1725 

Viodenum in treatment of, 1621 
Ultraviolet spcctrophotomctric method for 
quantitative determination of bar- 
biturates, a modified, 14G2 
Uroniia, experimental, dietary and hormonal 
influences in, 925 

treatment of, by dialysis across the in- 
testinal mucosa, 1761 

Urinary bilirubin, new tablet test for, 1145 
excretion of iron, effect of acid and alka- 
line salt on, 932 

of pigment, use of, for measurement of 
basal metabolic rate, 482 
of 17-kctosteroid8 and corticosteroids in 
acute loucemia, effect of 4-aminO' 
pteroylglutnmic acid on, 1606 
of tryptophane by normal adults, min- 
imum tryptophane requirement 
and, 839 
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Serum albumin, hydrolyzed human, intrave- 
nouslj' administered, nutritive 
value of, in man, 1133 
and plasma in liver diseases, electrophoretic 
pattern of, comparison of, with 
Special reference to gamma glob- 
ulin fractions, 1600 

cholesterol of normal and thiouracil-treated 
dogs, effect of cholesterol-free diet 
on, 1602 

esterase, studies on, 858 
gamma globulins, tnrbidimetric determina- 
tion of, as checked by electro- 
phoretic analysis, 1610 
glutamic acid levels and occurrence of 
nausea and vomiting after intrave- 
nous administration of amino acid 
mixtures, 1238 

mucoid in diabetes mellitus, bound gluco- 
samine of, 116 

protein in, determination of, and in frac- 
tions obtained from serum u’itb 
biuret reagent prepared rvitb 
sodium hydroxide, 1171 
proteins, biuret and Kjeldahl determina- 
tions of, studies of differences be- 
tween, 1175, 1178, 1183 
effect of oeclnsion of hepatic artcr 3 ' and 
ligation of gastroduodenal artery 
on, 1178 

sample analysis, a single, limitations and 
merits of, in differential diagnosis 
of jaundice, 1259 

sickness, unusual clinical picture resembling 
prolonged, "thought to Ije caused 
bj’ trichinosis,” 1611 

Sheep cell agglutination, failure of sensitized, 
to clarifj’ diagnosis of rlieumatie 
disease, 1216 

Sickle cell anemia, sickle cell trait, and 
pernicious anemia, carbonic anhj'- 
drase activitj' in, 1249 
disease, studj- of, by measuring sundval 
of transfused red blood cells, 90 

Sodium, biologic decay periods of, iu normal 
man, in congestive heart failure, 
and in nephrotic sjTidromc as de- 
termined by Na 22 as the tracer, 1 
diet, the minimal, effect upon blood pres- 
sure of ambulator)' h)'pertensive 
subjects, 1380 

nicotinate, h)'perbilirubinemic effect of, 
1039 

penicillins, absorption of, lack of effect of 
Tween 80 on, 1443' 

renal capacity of normal, hypertensive, and 
cardiac failure patients to excrete, 
1603 

restriction, effect of rigid, in ciiThosis of 
liver and ascites, 1029 

Solubility of human hemosiderin, quantita- 
tive study of, 1762 

Souic-vibrated leptospirao as antigens in com- 
plement fixation test for diagnosis 
of leptospirosis, 1411 

Soybean phosphatide preparations, vasode- 
pressor activ-ity of, 688 


Spectrophotometric method for determination 
of procaine and p-aminobenzoic 
acid, 822 

for quantitative determination of bar- 
biturates, a modified ultraviolet, 
1462 

Spherocytic hemolytic anemias, Coombs de- 
veloping test in, 768 

Spinal fluid glucose, quantitative mioromethod 
for pediatric ward laboratory, 725 
Spleen protection, effect of, on mortality fol- 
lowing x-irradiation, 1538 
radioisotopes of yttrium, zirconium, and 
columbinm in bone marrow, liver 
and controlled selective localiza- 
tion of, 305 

Splenectomy, effect of, on toxicity of Srso 
to the hematopoietic system of 
mice, 1640 

simultaneous cesarean section and, in idio- 
pathic thrombocytopenic purpura, 
1580 

Splenomegal)' and neutropenia associated 
with rheumatoid arthritis, 1726 
Sprue, vitamin A in, absorption of unemulsi- 
fied and emulsified, 1140 
Sputum, comparison of hydrochloric acid and 
trisodium phosphate in prepara- 
tion of, in Mycobacterium tubercu- 
losis, 733 

Staphylococcus aureus, inhibition of growth 
of, by human semen, 1526 
Stellate block in management of narcolepsy 
and cataplexy, 1745 

Stomach, ulcer of, excisional, resistance of 
recently healed, to histaminc-m- 
duced ulcer, 228 

Stool, urobilinogen in, determination of, 
simplified equipment for, 287 
Stools, dysenteric, protozoa in, polyvinyl alco- 
hol-fixative as a preservative and 
adhesive for, 1554 

Streptococcal infection, prevention of rheu- 
matic fever after the development 
of, an effective method for, 1596 
Streptococcus viridans endarteritis of an 
anteriovenous aneurysm, cured by 
penioillin and surgical excision, 
221 

Streptomycin combined with penicillin and/or 
sulfadiazine, in vilro effects or, on 
gram-negative bacteria, 

resistance of tubercle bacillus to, 3o8 
Sulfonamide sensitivity, determination of, ui 
vitro, simple method for, and its 
clinical application, 1457 
Sumner ’s dinitrosalioylic acid method for de- 
termination of glucose in tirino, 
evaluation of a modified, 144/ 
Syndrome of h)'pertension, obesity, _ menstrua 
irregularities, and evidence oi 
adrenal cortical liyperfunction, 


1746 

Syphilis, experimental, in rabbit, 1/4S 
semiweekly treatment _ of, with proea 
penicillin in oil, 998 
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pigment-creatinine ratio, use of, for meas- 
urement of basal metabolic rate, 
1512 

Urine and blood, bromate in, detection of, 
425 

and plasma, Na, K, Ca, Mg, and Fe in, 
quantitative determination of, use 
of omission spectrograph for, 625 
antidiuretic substance in, of patients witli 
cardiac failure, 1585 

determination of glucose in, Sumner dini- 
trosalicylio acid method for, evalu- 
ation of a modified, 1447 
factors which cause precipitation of hemo- 
globin in vitro, consideration of 
some, 936 

lactose in, detection of, method for, 562 
thrombocytopen in, reliable test for, 1336 
urobilinogen in, determination of, simpli- 
fied equipment for, 287 
Urobilinogen formation and the fecal flora, 
effect of aurcomycin on, 1743 
ia urine jtiiif steei, detenainutioa of, sitapic- 
fied equipment for, 287 

V 

Vaocino, mumps, studies on human volunteers, 
199 

Vacuum dehydration technique for prepara- 
tion of sections by freezing-dry- 
ing, a simplified, 292 

sampling tube for respiratory gases, SSI 
Valvular instifflcicncy of deep venous system 
of lower e.vtremities, division of 
popliteal vein in, 1755 

Vascular diseases, experimental, due to desox- 
ycorticostcrono acetate and an- 
terior pituitary extract, compari- 
son of functioiial changes, 1416 
Vasodepressor activity of soybean phosphatide 
preparations, 6SS 

Vein, popliteal, division of, in v.alvular in- 
sufficiency of deep venous system' 
of lower extremities, 1755 
Ventricles, human, ca^fity potentials of, 1768 
Ventricular myocardium, spread of excitation 
through, studies on, 1738 
Vibratory perception in diabetic and nondi- 
abctic subjects, quantitative stud- 
ies of, 1728 


Vjcanoug excretion by means of pergastric 
intestinal perfusion, 1585 
Viodenuni in treatment of ulcerative colitis, 
1621 

Viral hepatitis, relation of intestinal para- 
sitism to transmission of, 1284 
\’'irns, Newcastle, in human respiratory infec- 
tions, occurrence of antiliemagglu- 
tinins against, with a possible in- 
stance of virus isolation, 1581 
Viruses, preservation of, in mcciianical re- 
frigerator at -25° C., 1023 
Viscositj'-effusion meter for measuring con- 
centration of anesthetic gases, 566 
Vitamin A and glucose blood levels, effect of 
epinephrine on, in normal and cir- 
rhotic subjects, 1279 
in sprue, absorption of unemulsified and 
emulsified, 1140 

Bn and pteroylglutamic acid, interrelation 
of, in induced anemia of swine, 
1763 

Response of lingual manifestations 
of perszoiaus anemia to, 439 
effect of, on painful aspects of nutri- 
tional neuropathy, preliminary 
note, 1582 

in pernicious anemia, oral administration 
. of, 1590 

liver damage as influenced by, correla- 
tion between ribose nucleic acid 
depletion and other signs in, 1764 

W 

Warburg manometer calibrator, 1702 
Water test, Kepler, in tabes dorsalis, 830 

K 

X-irradiation, effect of, on antibody forma- 
tion, 1612 

mortality following, effect of spleen pro- 
tection on, 153S 

Z 

Zinc sulfate turbidity and total lipid deter- 
minations in liver disease, evalua- 
tion of, 1584 

Zirconium and sodium citrate, experimental 
study of effect of, on metabolism 
of plutonium and radioyttrium, 
313 




